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Section  I 


INTRODUCTION  AND  SUMMARY 


PROGRAM  OVERVIEW 


OBJECTIVE 

The  objective  of  the  ADCA  study  program  was  to  exploit  the  benefits  of 
advanced  canposite  materials  at  the  conceptual  design  phase  of  an  advanced 
high-performance  fighter.  The  study  was  to  utilize  the  high  specific  strength 
properties  (thin  wings,  higher  aspect  ratio)  and  variable  anisotropic  prop¬ 
erties  (aeroelastic  tailoring)  of  advanced  composite  materials  in  the  design 
of  a  credible,  realistic,  lightweight,  and  reliable  future  fighter  aircraft. 
The  design  was  to  incorporate  unitized  construction  and  low-cost  assembly 
techniques  to  achieve  cost  reduction  through  a  lower  weight,  smaller  air¬ 
frame  design.  The  integration  of  composite  material  structural  components 
with  air  vehicle  subsystems  was  to  be  assessed.  The  cost  and  performance 
payoffs  of  advanced  composite  materials  were  to  be  assessed  relative  to 
advanced  metallic  structure.  In  addition,  technology  gaps  were  to  be  identi¬ 
fied  in  the  categories  of  structure  analysis,  design,  manufacture,  main¬ 
tainability,  and  seivice  life,  and  development  programs  were  to  be  defined 
that  would  allow  low- risk  system  application  of  advanced  composite  materials 
in  the  early  1980  time  period. 


APPROACH  AND  STUDY  PAYOFF 

The  approach  to  conducting  the  study  was  to  first  select  a  design  mis¬ 
sion  and  define  an  all-composite  (70  to  80  percent  of  the  structural  weight) 
baseline  configuration  which  met  these  mission  requirements.  Then,  using 
the  same  configuration  concept,  mission,  and  design  requirements,  a  baseline 
configuration  was  defined  which  utilized  advanced  metallic  structure.  Since 
some  use  of  composite  materials  in  aircraft  design  is  now  considered  state- 
of-the-art,  the  advanced  metallic  configuration  was  permitted  by  study  ground 
rules  to  incorporate  advanced  composite  materials  up  to  20  percent  of  its 
structural  weight.  This  was  interpreted  to  be  secondary  type  of  structural 
components  such  as  leading  and  trailing  edge  high- lift  devices,  control  sur¬ 
faces,  and  weapon  bay  doors. 

These  two  aircraft  designs  were  to  be  compared  in  the  categories  of: 

•  Takeoff  gross  weight 

•  Empty  weight 
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•  Flyaway  cost 

*  Life  cycle  cost 

*  Aircraft  performance  characteristics 

•  Fuel  consumption 

The  study  payoffs,  however,  go  beyond  just  identification  of  payoffs  for 
advanced  composite  materials  in  the  aforementioned  categories.  The  study 
calls  for  rigorous  application  of  1980  advanced  composite  technology  level 
in  the  design  of  a  future  fighter  at  the  conceptual  design  phase.  This  is 
an  entirely  different  problem  than  designing  composite  component  substitu¬ 
tions  for  metal  counterparts .  The  payoffs  of  this  design  exercise  would, 
therefore,  result  in  the  development  of  methods  to  apply  composite  materials 
at  the  point  in  the  design  cycle  of  an  aircraft  development  when  the  benefits 
of  conposite  materials  could  be  maximized.  The  study  payoffs  would  also 
include  identification  of  technology  gaps  and  definition  of  required  develop¬ 
ment  programs. 


PROGRAM  TASK  DESCRIPTIONS 

The  program  was  organized  into  four  technical  tasks  with  subtasks,  as 
shown  in  Figure  1,  plus  reporting. 

Task  I  set  the  stage  for  the  ADCA  study  by  defining  the  mission  and 
design  requirements  of  the  air  vehicle,  by  sizing  the  two  configurations, 
and  by  formulating  a  payoff  assessment  method  (and  exercising  it  at  a  pre¬ 
liminary  level)  which  would  properly  compare  metal  and  composite  aircraft. 

The  initial  configurations,  at  the  start  of  task  I,  were  refined  at  the 
conclusion  of  task  I,  based  on  evaluation  of  mission  and  design  trade  studies, 
composite  application  trade  studies,  manufacturing  assessment  of  and  influ¬ 
ence  on  the  initial  configuration,  and  aerodynamic  development  and  analysis. 

At  the  conclusion  of  task  I,  12  weeks  after  contract  go-ahead,  a  formal 
briefing  was  presented  at  WPAFB.  The  purpose  of  the  briefing  was  to  estab¬ 
lish  the  viability  of  the  configuration  concept.  Following  this  presenta¬ 
tion,  the  Air  Force  was  to  make  a  decision  whether  the  program  was  to  be 
terminated  or  continued,  and  if  continued  whether  it  would  proceed  as  planned 
or  modified  to  reexamine  the  configuration  or  some  other  program  variation. 

The  purpose  of  task  II  was  to  develop  vehicle  structural  and  configura¬ 
tion  definitions  which  would  provide  the  basis  for  further  detail  design 
and  payoff  analysis  in  tasks  III  and  IV.  In  line  with  the  major  thrust  of 
the  program,  emphasis  was  to  be  placed  on  maximum  exploitation  of  composites 
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Figure  1.  Program  tasks. 


to  produce  a  minimum  cost  aircraft  meeting  mission  requirements,  Emphasis 
was  also  to  be  placed  on  credibility  through  the  detailed  development  of 
designs  and  analysis  and  a  concurrent,  closely  integrated,  manufacturing 
development . 

rhe  purpose  of  task  III  was  to  examine  certain  areas  of  the  preliminary 
design  which  were  known  trouble  spots  for  application  of  the  all-composite 
approach,  and  to  create  a  manufacturing  plan  which  would  show  that  the  design 
being  evolved  in  task  II  could  be  built  with  low-cost  techniques.  In  par¬ 
ticular,  the  joint  interface  design  problems  associated  with  the  joining  of 
major  airframe  components  were  to  be  addressed  to  optimize  these  connections 
to  minimize  the  associated  cost/weight  penalties  to  the  composite  airframe. 
The  airframe  components  were  to  be  assessed  for  in-process  and  service  damage 
vulnerability.  Ihese  assessments  were  to  lead  to  classification  of  the  types 
of  damage  expected  to  occur,  and  proposed  depot,  and  field  repair  methods  to 
restore  the  damaged  hardware  to  its  design  strength.  The  task  was  to  define 
inspection  procedures  and  techniques  required  to  insure  quality  and  reliabil¬ 
ity  assurance  for  the  proposed  manufacturing  aid  tooling  concepts  proposed 
to  support  the  high-rate  production  of  the  composite  airplane. 

The  first  purpose  of  task  IV  was  to  compare  the  all-composite  baseline 
from  tasks  II  and  III  with  the  metal  baseline  developed  in  task  I.  The 
principal  payoff  index  was  to  be  lower  cost  to  perform  the  same  mission  role 
and  the  second  index  was  to  be  increased  performance.  The  second  purpose  of 
task  IV  was  to  identify  the  key  assumptions  which  support  the  payoff  assess¬ 
ment,  and  to  determine  what  mast  be  done  to  accomplish  the  necessary  advances 
in  the  state-of-the-art  by  1980.  Advanced  development  plans  (ADP's)  needed 
by  the  all- composite  design  were  to  be  formulated.  The  focus  of  these  ADP's 
were  to  be  toward  the  developments  which  must  be  accomplished  before  an  all- 
composite  airplane  could  be  built  with  acceptable  risk.  ' 

A  similar  contract  was  awarded  to  Grumman  Aircraft  Corporation  and, 
following  contract  award,  it  became  apparent  the  AFFDL,  as  a  result  of 
budget  cuts  within  the  structural  division,  did  not  have  sufficient  funds 
to  continue  both  Grumman  and  LAAD  contracts.  It  became  necessary  to  stop 
one  contractor  at  the  conclusion  of  task  I.  The  contract  with  LAAD  was 
terminated  after  completion  of  task  I.  This  report  thus  includes  the 
results  of  task  I  activities  only. 


MASTER  PHASING  SCHEDULE 

Each  subtask  activity  shown  in  the  task  flow  diagram  is  shown  on  the 
master  phasing  schedule  in  Figure  2  plus  significant  reporting  milestones. 

The  vertical  scale  on  the  right  side  of  the  schedule  indicates  program  dollars. 
The  dashed  line  running  diagonally  across  the  schedule  shows  scheduled  expendi¬ 
tures.  As  the  program  progressed,  actual  expenses  were  shown  as  a  solid  line 
on  a  weekly  basis.  The  value  of  work  performed  is  shown  as  a  third  coded  line. 
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TASK  I  SUNNARY 


Task  I  activities  were  conducted  as  shown  on  the  work  flow  diagram  in 
Figure  3.  The  ADCA  point  design  mission  was  selected  from  representative 
tactical  fighters  mission  desires  (discussed  in  Section  II)  and  used  for 
sizing  the  initial  contract  configurations  for  both  the  all-composite  base- 
point  and  advanced  m^allic  basepoint  shown  in  Figures  4  and  5.  Using  these 
two  basepoint  aircraft,  trade  studies  were  conducted  on  a  family  of  wing 
geometry  variations  (aspect  latio,  thickness,  wing  loading,  and  sweep)  and 
sensitivity  studies  were  conducted  for  drag,  weight,  and  mission  parameters. 
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Figure  3.  Task  I  activities 


Figure  4.  All -composite  baseline  configuration  D572-4B 
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Recommended  composite  baseline  configuration. 


TABLE  1.  COMPARISON,  ALL-COMPOSITE  VS  ADVANCED 
METALLIC  BASELINE  CONFIGURATIONS 


Composite 


Parameter 

-4B  Composite 

-5A  Metallic 

Payoff 

Total  Program  Cost,  300  Unitsa>  b 

823.84 

1263.77 

439.93 

Average  Unit  Costa*  b 

2.746 

4.213 

1.467 

Total  Program  Cost,  300  Unitsa>  c 

951.90 

1263.77 

311.87 

Average  Unit  Costa 

3.173 

4.213 

1.040 

Takeoff  Gross  Weight 

31303 

35108 

12. 11 

Wing  Area 

400  Ft2 

500  Ft2 

Wing  Loading  (PSF) 

78.3 

70.2 

Engines 

F404-GE-400 

F404-GE-400 

-- 

Installed  Thrust- to-Weight 

0.763 

0.680 

10.81 

Structural  Weight 

8300 

11346 

36.7% 

Erpty  Weight 

20331 

22763 

121 

Fuel  Weight 

6852 

7642 

11.5% 

Design  Mission  Radius 

400  NM 

400  NM 

Battlefield  Mission  Radius 

252  NM 

257  NM 

-5  NM 

Ferry  Mission  Range 

2563  NM 

2037  NM 

526  m 

(no  auxiliary) 

Takeoff  Distance 

2251  Ft 

2460  Ft 

209  Ft 

Landing  Distance 

2505  Ft 

2632  Ft 

127  Ft 

Ps  -  0.9^/30,000  Ft/5g 

-5  FPS 

-9  FPS 

4  FPS 

Ps  ■  1. 2M/30,000  Ft/5g 

266  FPS 

172  FPS 

94  FPS 

j*Cost  in  million  dollars  -  does  not  include  RDT$E,  avionics,  or  engines. 
DCost  based  on  $20  per  pound  for  composite  materials. 
cCost  based  on  $35  per  pound  for  coposite  materials. 


RECOMMENDATIONS 


Because  of  the  very  substantial  potential  cost  payoffs  in  the  use  of 
composite  materials,  it  is  strongly  recommended  that  programs  be  formulated 
to  continue  the  development  of  these  materials, with  emphasis  on  known  problem 
areas,  critical  design  areas,  and  manufacturing  development.  These  include 
the  development  of  materials  to  be  used  as  core  structure  in  honeycomb 
panels  to  eliminate  corrosion  problems  currently  being  experienced.  It 
also  includes  the  detail  design,  test  article  fabrication  and  strength  and 
fatigue  testing  of  typical  highly  loaded  joints  such  as  wing  to  fuselage, 
fuselage  break  points,  outer  panel  to  wing  center  section,  and  landing  gear 
carry-through  structure.  Testing  is  required  at  the  element  and  subcom¬ 
ponent  level  to  ascertain  combined  fatigue/environment  effect  on  long-term 
durability.  These  are  long-running,  expensive  tests  which  should  be  under¬ 
taken  now. 

In  addition,  development  of  matrix  materials  should  emphasize  higher 
temperature  resistance  to  provide  for  future  aircraft  operating  at  higher 
mach  numbers  and  to  provide  greater  protection  against  combined  effects  of 
temperature  and  moisture  at  today’s  operating  temperatures. 

Development  of  thermoplastic  matrices  is  required  to  reduce  moisture 
degradation  and  fabrication  costs. 

Immediate  development  of  manufacturing  methods  for  integrated  substructure/ 
cover  structure  is  necessary  to  insure  readiness  in  the  1980-85  time  period. 
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Section  II 


CONF I  (JURAT  I  ON  DEVELOPMENT 


INTROnUCTION 

The  two  baseline  configurations,  D579-4B  and  -5A,  respectively  composite 
and  advanced  metallic  designs,  are  the  result  of  iterative  design  and  mission 
changes  which  began  before  the  Advanced  Design  Composite  Aircraft  (ADCA) 
request  for  proposal  »RFP)  was  received.  Rockwell  International's  supersonic 
cruise  vehicle,  or  "supcrcruiser ,"  concept  was  selected  as  an  ideal  demon¬ 
stration  vehicle  for  use  of  composite  materials.  Preliminary  vehicle  syn¬ 
thesis  was  based  on  the  RFP  mission  and  the  initial  ADCA  configuration  design 
cycle  was  started.  Aerodynamic ,  mass  properties,  and  propulsion  analyses 
were  made  and  vehicle  sizing  and  performance  were  calculated  at  an  approximate 
level  of  effort  encompassed  by  the  heavy  dark  lines  as  shown  in  Figure  7. 

The  resulting  vehicle  became  the  proposal  vehicle  (-4)  shown  in  Figure  8. 
Changes  in  mission  and/or  vehicle  requirements  led  to  the  -4A  and  -4B  vehicles 
shown  on  the  same  figure.  Parametric  changes  in  the  -4A  vehicle  led  to  the 
design  of  the  advanced  metallic  vehicle,  -5,  and  in  a  similar  fashion,  analysis 
produced  the  -5A  vehicle.  Level  of  analyses  of  effort  of  the  -4B  and  -5A 
vehicles  in  general  was  represented  by  the  lighter  solid  lines  of  Figure  7. 
Parametric  vehicles  and  mission  trades  were  conducted  on  these  vehicles  and 
the  resulting  changes  were  incorporated  in  the  task  II  basepoint  vehicles  -4C 
and  -5B.  iTiesc  analysis  levels  in  task  II  for  these  vehicles  is  expected 
to  be  nearly  the  maximum  scope  shown  on  Figure  7. 

This  section  will  present  only  propulsion,  mass  properties,  and  analysis 
used  to  define  these  configurations.  Aerodynamics  characteristic  will  be 
discussed  in  Section  III. 

Details  of  the  vehicle  definition  presented  within  this  section  are 
primarily  those  of  -4B  and  -5A,  with  the  resulting  -4C  and  -5B  discussed 
briefly. 


SIZING  GROUND  RULES 


Vehicle  sizing  and  development  for  the  baseline  aircraft  was  done  through 
use  of  the  Rockwell- developed  Vehicle  Sizing  and  Performance  Estimation  Pro¬ 
gram  (VSPEP) .  This  computer  program  utilizes  baseline  aero,  propulsion,  and 
mass  property  data  coupled  with  a  vehicle  geometry  representation  to  effect 
the  scaling  of  the  baseline  aircraft  to  accomplish  some  specified  criteria. 

For  the  ADCA  contract,  the  primary  criterion  is  the  Deep-Strike  Mission  radius 
(defined  in  the  next  section).  The  performance  of  this  vehicle  was  then 
measured  against  alternate  criteria  (i.e.,  the  Battlefield  Interdiction  Mission 
and  the  Ferry  Mission  requirements)  with  variations  made  only  in  payload  and  fuel 
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Figure  7.  Configuration  development  process. 
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available,  and  the  resulting  takeoff  weight,  due  to  different  alternate 
mission  design  criteria.  In  addition,  the  vehicle  performance  was  computed 
for  takeoff  utilizing  various  flap  settings  and  power  settings,  landing  with 
and  without  thrust  reversing,  and  acceleration  ability  at  an  altitude  of 
35,000  feet.  The  maneuverability  of  the  aircraft  at  various  mach,  altitude, 
and  load  factor  conditions  was  calculated,  as  was  the  variation  in  the  Breguet 
range  parameter  ((M  *  L/D)/SFC).  All  of  these  parameters  were  also  computed 
when  the  wing  loading  was  parametrically  varied,  and  the  results  are  presented 
in  the  section  titled  "Mission  and  Design  Trade  Studies." 

Payload  ground  rules  were  a  function  of  mission.  For  the  deep-strike 
mission,  the  assumed  payload  was  two  MK-84  laser-guided  bombs  carried  inter¬ 
nally  and,  although  the  M-61  cannon  was  carried,  no  ammunition  was  provided, 
nor  were  any  self-defense  missiles.  For  the  battlefield  interdiction  mission, 
two  self-defense  missiles  of  configuration  similar  to  the  AGILE  were  included, 
as  was  300  rounds  of  ammunition  for  the  M-61  cannon.  Although  the  current 
version  of  the  MK-84-LGB  is  not  conpatible  with  external  carriage  at  1.5  mach 
number,  two  weapons  of  that  configuration  were  added  to  the  two  carried 
internally,  as  weight  and  drag  characteristics  were  assumed  to  be  representa¬ 
tive.  No  weapons  except  the  M-61  cannon  were  carried  for  the  ferry  mission. 
The  maximun  fuel  volume  of  the  vehicles  was  utilized,  and  additional  tanks 
and  fuel  were  added  to  the  armament,  bays.  The  armament  bay  contained 
3,000  pounds  in  300  pounds  of  tanks,  supporting  structure,  and  attachments. 

Maximun  allowable  takeoff  and  landing  distance  was  set  at  3,000  feet 
and  a  desired  maneuverability  level  for  the  0.9  mach,  30,000-foot,  5-G  load 
factor  case  was  assumed  as  approximately  equal  to  a  lightweight  fighter 
class  of  vehicle  (i.e.,  Ps  =  0) . 


DESIGN  MISSION 


The  ADCA  was  designed  for  the  primary  mission,  a  deep-strike  mission, 
and  two  alternate  missions ;  a  battlefield  interdiction  mission  and  a  ferry 
mission  (see  Figure  9). 

The  deep-strike  mission  was  based  upon  the  requirement  for  an  operational 
radius  of  at  least  400  nautical  miles,  including  a  supersonic  penetration  of 
200  nautical  miles  beyond  the  FEBA.  The  weaponry  compliment  carried  on  the 
deep-strike  mission  includes  two  MK-84  laser-guided  bombs  and  an  inproved 
M-61  cannon. 

The  mission  consists  of  a  warmup  and  takeoff,  a  minimum-fuel  climb  to 
best  cruise  altitude,  cruise  at  optimum  mach  and  altitude  to  the  FEBA,  climb 
and  accelerate  to  1.5  mach  number  and  optimum  altitude,  penetrate  at  1.5  mach 
to  the  point  of  weapons  delivery,  drop  stores,  execute  a  180°  turn,  egress  at 
1.5  mach  and  optimum  altitude,  descend  and  decelerate  (no  time  or  fuel)  to 
subsonic  optimum  mach  and  altitude,  and  loiter  for  20  minutes  at  sea  level. 
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AMMO  &  2  A-A  MISSILES  IN  ALTERNATE 
ACCEL  FROM  0.8M  TO  1.6M  AT  35,000 


The  battlefield  mission  consists  of  the  same  outbound  and  return  legs 
as  the  deep-strike  mission  up  to  the  FEBA.  From  the  FEBA,  the  vehicle  descends 
to  20,000  feet  and  penetrates  at  1 . 5  mach  for  50  nautical  miles  to  a  point 
where  the  weapons  are  delivered.  The  payload  for  the  battlefield  mission 
includes  four  MK- 84  laser-guided  bombs,  two  self-defense  missiles,  and  one 
M-61  cannon  with  300  rounds  of  ammunition. 


The  ferry  mission  features  a  2,800-nautical-mile  range  w  thout  refuel¬ 
ing.  In  order  to  meet  the  range  requirement,  the  weapons  bay  was  fitted  with 
a  fuel  tank  and  the  excess  volume  in  the  wing  tank  was  utilized.  The  total 
additional  fuel  was  8,900  pounds,  3,000  pounds  in  the  weapons  bay,  and  5,900 
additional  in  the  wing  tank. 


The  desired  requirements  for  the  takeoff  is  to  design  the  aircraft  to 
a  3,000-foot  takeoff  over  a  50-foot  obstacle. 


ALL-COMPOSITE  BASELINE  CONFIGURATION 


The  baseline  composite  aircraft  configuration  D572-4B  is  illustrated  in 
Figure  10.  This  vehicle  is  designed  to  the  mission  requirements  outlined 
in  the  paragraph  "Design  Mission."  Briefly  summarized,  these  include  a  3,000- 
foot  takeoff  over  a  50-foot  obstacle,  deep-strike  mission  radius  of  400  nauti¬ 
cal  miles,  unrefueled  ferry  mission  range  of  2,800  nautical  miles,  and  battle¬ 
field  mission  radius  of  250  nautical  miles  with  a  50-nautical-mile  penetration. 
The  takeoff  gross  weight  for  the  primary  design  mission  was  31,845  pounds,  and 
the  resulting  wingloading  was  79.6.  The  installed  thrust -to-weight  for  static 
sea  level  conditions  is  0.751. 

The  basepoint  configuration  features  a  one  man  crew  situated  in  a  65- 
degree  "laydown"  high-acceleration  cockpit.  This  arrangement  results  in 
lower  wave  drag  due  to  reduced  cross-sectional  area  and  provides  for  increased 
G-level  tolerance  for  this  pilot.  The  design  features  that  contribute  most 
significantly  to  the  low  total  drag  are  (1)  minimum  control  surface  size,  (2) 
high  degree  of  propulsion  integration,  (3)  aerodynamic  shaping  to  produce 
isobars  that  fall  behind  the  mach  cone,  (4)  low  profile  cockpit,  and  (5) 
minimum  wetted  area.  An  assumption  inherent  in  this  design  is  the  strong 
requirement  imposed  by  aeroelasticity  that  requires  the  wing  torsional 
deflections  are  minimized  as  the  wing  bends. 

The  wing  has  an  aspect  ratio  of  2.5  and  a  leading  edge  sweep  of  60 
degrees,  and  is  shaped  to  generate,  vortex  lift  to  improve  the  off-design 
high-lift  capability.  The  wing  incorporate  elevons  and  powered  droop  leading 
edge  devices  for  mechanical  camber  control  as  well  as  structural  design  for 
dynamically  controlled  bending.  The  primary  material  of  the  wing  is  graphite/ 
epoxy. 
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The  basepoint  aircraft  is  powered  by  two  General  Electric  F404-GE-400 
engines.  Each  engine  is  equipped  with  remote  afterburning,  thrust  reversing, 
thrust  spoilage,  and  thrust  vector  control.  The  installation  includes  a  2-D 
fixed-ramp  inlet  designed  for  1.6  mach  number  and  an  aerodynamical ly  inte¬ 
grated  exhaust  system  with  a  2-1)  plug  mozzle.  Details  of  the  propulsion 
system  are  included  in  a  later  section. 


ADVANCED  METALLIC  BASELINE  CONFIGURATION 


The  baseline  metallic  aircraft  DS72-5A  is  shown  in  Figure  11.  The 
vehicle  design  requirements  and  design  missions  are  identical  to  the  D572-4B 
presented  previously.  The  takeoff  gross  weight  for  the  summary  design  mission 
was  35,385  pounds,  and  the  resulting  wing  loading  is  70.7.  The  installed 
thrust -to-weight  ratio  for  static  sea-level  conditions  and  gross  weight  was 
0.676. 

The  basepoint  metallic  airplane  configuration  features  and  design  assump¬ 
tions  are  identical  to  the  -4B  airplane,  with  the  exception  that  the  majority 
structure  is  metallic  with  composites  used  only  on  the  armament  bay  doors  and 
the  wing  leading  and  trailing  edge  devices. 


PROPULSION  SYSTEM  SUBSTANTIATION 
INTRODUCTION 


The  ADCA  propulsion  system  is  keyed  to  the  use  of  a  rectangular  2-D  plug 
nozzle.  The  2-D  plug  nozzle  minimizes  afterbody  and  wave  drag.  Thrust 
vectoring  is  used  to  capitalize  upon  propulsive  lift  enhancement  for  maneuvers. 
The  plug  nozzle  also  incorporates  a  lightweight  thrust  reverser  installation. 


A  fixed -geometry  inlet  was  selected  for  a  1.6  mach  number  design.  The 
inlet  is  designed  to  maintain  high  performance  while  minimizing  the  use  of 
cutouts  or  variable -geometry  panels.  However,  an  inlet  bypass  system  is 
employed  to  improve  the  inlet-engir.e  match  during  supersonic  penetration  at 
20,000  feet. 

This  section  presents  the  propulsion  system  design  guides  and  criteria 
and  substantiation  data  for  the  installed  performance  data  input  for  the 
mission  analyses  of  the  ADCA. 


Engine  Description 


The  Statement  of  Work  specified 
the  ADCA  study.  The  selected  engine 
(company  designation  J101-J7A9)  with 
replacing  the  axisymmetric  augmentor 


the  use  of  a  1980  production  engine  for 
is  the  General  Electric  F404-GE-400 
a  rectangular  augmentdY  and  plug  nozzle 
and  nozzle  used  in  the  F-Tfk  fighter 
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installation.  The  F404-GF.-400  sea- level  static,  Standard  Day  ratings  are: 
thrust  -  15,950  pounds  at  maximum  power,  11,480  pounds  at  intermediate  power, 
142.5  pounds -per- second  airflow,  bypass  ratio  0.34,  cycle  pressure  ratio  24.4. 

The  Rockwell  cycle  analyses  were  conducted  using  the  GH  Source  Deck 
.J101/J7A9  75015  to  modify  the  14 04  engine  performance  for  the  installation 
of  the  2-D  augmentor  and  nozzle.  This  resulted  in  reducing  the  maximum 
augmentor  temperature,  and  a  revised  thrust  coefficient  schedule.  The 
resultant  rated  thrust,  adjusted  to  a  100-percent  inlet  recovery,  is  about 
2  percent  lower  than  the  -400  engine.  However,  the  ADC A  is  not  takeoff 
limited,  and  maximum  thrust  is  not  critical.  , 

The  transition  from  the  basic  axi symmetric  to  a  rectangular  augmentor 
cross  section  begins  at  the  -400  augmentor  fuel  manifold;  engine  station  27.1, 
and  air  vehicle  station  090.  (Sec  Figures  19  and  20.)  The  augmentor/nozzlc 
modification  will  increase  the  base  engine  weight  from  2,020  pounds  (-400) 
to  2,673  pounds  (Rockwell  estimates  based  on  GF.  and  PWA  contributions  to  the 
AFT I  program) . 


Inlet  Selection 

The  engine  flight  limits  and  corrected  airflow  demand  are  given  in 
Figure  12.  The  maximum  corrected  flow  is  145  pounds  per  second,  which  results 
in  a  maximum  inlet  throat  area  of  428  square  inches  for  efficient  transonic 
acceleration.  The  airflow  curves  in  Figure  12  show  a  significant  corrected 
airflow  decay  with  increasing  ram  temperature  which  will  require  variable- 
geometry  provisions  for  proper  inlet  engine  match  during  supersonic  flight 
at  low  altitudes. 

The  pressure  recovery  versus  mach  number  capabilities  of  several  inlet 
configurations  are  compared  in  Figure  13.  A  fixed  ramp  or  fixed  cone  inlet 
can  achieve  good  recoveries  up  to  Ml. 6.  A  variable  ramp  or  translating  cone 
is  required  for  good  performance  for  a  M2.0  design.  The  Ml. 5  penetration 
design  D572-4B  air  vehicle  has  the  vertical  wall  of  the  weapons  lay  forward 
of  the  inlet.  A  vertical  ramp  inlet  at  the  wing  fuselage  juncture  provides 
the  optimum  diffuser  contours  and  lightest  weight  for  the  ADCA  application. 

The  inlet  is  designed  for  shock-on-cowl  at  Ml. 8  to  provide  maneuvering 
stability  at  Mi. 6.  The  inlet  has  a  6-degree  fixed  ramp,  a  0.5-inch  cowl 
thickness,  and  a  capture  area  of  525  square  inches. 

Both  top  and  bottom  inlet  locations  were  considered  for  this  air  vehicle. 
The  ideal  location  of  the  inlet  for  a  penetration  air  vehicle  is  the  upper 
aft  fuselage,  to  shield  the  cavity  reflector  from  ground-based  radar.  Unfor¬ 
tunately,  the  local  mach  numbers  at  this  location  are  normally  above  freestream 
and  become  progressively  higher  with  angle  of  attack.  The  result  would  be  a 
progressively  decreasing  thrust  and  inlet  stability  margin  during  air  vehicle 
maneuvers;  i.e. ,  SAM  avoidance.  Figure  14  presents  experimental  flow  field 


Figure  11.  Advanced  design  composite  aircraft  st 
baseline  comparison  configuration. 
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data  from  NASA  TN  D-4809,  "Flow  Field  Properties  Near  an  Arrow -Wing -Body  Model 
at  Mach  Numbers  of  1.60,  2.36,  and  2.96."  This  test  showed  unacceptable  flow 
gradients  in  both  pitch  and  yaw  for  a  top  inlet  location.  The  figure  also 
shows  cross  sections  for  both  the  D572-4B  configuration  and  the  9:1  ellipse 
used  in  a  Slender  Body  Simulation  program.  The  simulation  data  show  mild  flow 
transients,  however:  (1)  attempts  to  input  a  more  representative  body  shape 
into  the  simulation  were  unsuccessful,  and  (2)  the  program  accuracy  is  limited 
to  about  5-degree  pitch  or  yaw  variations.  More  work  is  needed  in  this  area. 

The  ADCA  diffuser  loss  coefficient  is  estimated  to  be  8  percent  of  the 
throat  dynamic  pressure  with  good  entrance  flow.  A  perforated  surface  bleed 
region  on  the  ramp  at  the  inlet  lip  station  will  remove  a  boundary  layer 
bleed  flow  equivalent  to  1.5  percent  of  the  inlet  capture  area  at  1.6  mach 
r.umbe~  to  minimize  shock-boundary  layer  interaction  and  to  achieve  good 
diffuser  entrance  flow.  The  boundary  layer  bleed  also  helps  to  lower  the 
mass  flow  ratios  at  which  buzz  instability  occurs.  Figure  15  presents  B-l 
inlet  test  data  with  the  inlet  ramps  in  the  minimum  angle,  maximum  throat 
area  position  (7°  ramp  angle  vs  6°  ramp  for  ADCA).  For  this  off-design 
geometry,  the  B-l  inlet  shows  high  performance  at  1.4  mach  number,  but  the 
pressure  distortion  (max-min/Pt2)  and  turbulence  (MW^/Pt2)  are  unsatis¬ 
factory  at  1.8  mach  number.  The  combined  effects  of  this  distortion  and 
turbulence  exceed  the  inlet  flow  quality  limits' for  the  F101  engine.  The 
B-l  inlet  bleed  pattern  was  optimized  for  four-shock  operation.  Improved 
performance  with  a  low  rranp  angle  will  be  achieved  with  future  tests  of  the 
fixed  ramp  B-l  inlet  with  the  boundary  layer  bleed  configuration  modified 
for  fixed,  single,  ramp  operation. 

Hie  above  data,  plus  a  survey  of  other  inlet  buzz  margins,  were  used 
for  the  estimated  buzz  margin  schedules  of  Figure  16.  The  aforementioned 
depressed  engine  air  demand  during  the  20,000  feet  penetration  results  in 
inlet-engine  matching  very  near  the  buzz  limit  at  1.5  mach  number.  A  decrease 
in  engine  air  demand  by  an  engine  deficiency  or  a  step  increase  in  ambient 
temperature,  a  mach  number  overshoot,  a  decrease  in  angle  of  attack,  or  an 
air  vehicle  sideslip  maneuver  could  rapidly  use  up  the  inlet  stability  margin, 
without  bypass  provisions.  The  effect  of  the  inlet  bypass  system  on  maneuver¬ 
ing  margin  is  shown  on  the  right  side  of  the  figure.  This  bypass  will  be  con¬ 
trolled  by  the  inlet  throat  mach  number  at  flight  mach  numbers  above  1.4. 

Both  the  B-l  type  of  hinged  door  and  a  sliding  block  type  of  bypass  exit  will 
be  studied  during  the  structural  design  phase.  The  corzept  most  compatible 
with  composite  construction  will  be  employed. 

Hie  estimated  inlet  performance  data  used  in  the  installed  performance 
calculations  are  shown  on  Figures  17  and  18.  These  performance  estimates 
were  supported  by  the  extensive  B-l  inlet  test  data. 
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Figure  17.  Inlet  performance  -  subsonic 
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Exhaust  Nozzle  Selection 


Ihe  F404-GE-400  axisyminetr ic  augmentor  and  nozzle  and  the  2-D  plug 
nozzle  with  both  a  high  intensity  "Vee"  gutter  and  the  PWA  swirl  burner 
augmentors  are  depicted  on  Figure  19.  The  swirl  burners  have  demonstrated 
eff  icient  combustion  in  a  short  length,  and  the  burner  can  surface  provides 
an  intermediate  heat  shield  for  the  augmentor  walls  and  thus  minimizes  the 
augmentor  shroud  cooling  airflow,  pressure  drop,  and  thrust  penalty  for 
cooling.  The  high- intensity  "V"  gutter  will  create  high-pressure  losses 
and  will  result  in  high  heat  transfer  to  the  augmentor  walls.  Therefore, 
the  swirl  burner  augmentor  design  will  produce  the  best  fuel  consumption  for 
this  application  due  to  reduced  cooling  airflow  and  pressure  losses.  To 
determine  the  most  critical  flight  conditions  for  nozzle  performance,  the 
ADCA  fuel  usage  versus  range  for  both  the  basic  and  alternate  missiuns  are 
plotted  on  Figure  20.  The  mission  segments  of  greatest  significance  are 
3,  5,  7,  and  8.  The  nozzle/afterbody  performance  for  these  segments  is 
analyzed  in  detail  in  the  following  sections.  Figure  21  compares  the  nozzle 
area  ratio  schedules,  i.e.,  exit  area,  A9,  versus  throat  area  Ag,  for  both  the 
GE  axisymmetric  nozzle  and  the  Rockwell  2-D  plug  nozzles,  and  the  resulting 
isentropic  thrust  coefficients  for  the  significant  cruise  points.  The  GE 
nozzle  is  optimized  for  the  F - 1 8  air  vehicle  but  is  not  the  best  choice  for 
supersonic  cruise  at  Intermediate  Power  due  to  its  low  expansion  ratio  at 
minimum  Ag. 

The  ADCA  nozzle/afterbody  is  shown  on  Figure  22.  Significant  cross- 
section  areas  are  noted  on  the  figure.  The  cross-hatched  regions  on  the 
rear  view  illusti'ates  the  expansion  areas  on  the  plug  and  sidewalls.  As 
shown  on  Figure  26,  the  nozzle  throat  area  between  the  flaps  and  plug  and 
the  nozzle  flap  contour  is  controlled  by  a  pair  of  actuators  mounted  in 
the  sidewalls.  The  Ag/Ag  ratio  is  1.5  at  Intermediate  Power  and  decreases 
to  1.2  at  Maximum  Power,  Figure  21.  At  supersonic  speeds  an  additional 
external  expansion  thrust  is  created  on  the  plug  surface.  As  will  be  shown 
later,  a  2-D  plug  nozzle  does  not  incur  significant  overexpansion  losses  at 
subsonic  cruise  conditions.  Data  to  be  presented  in  AIAA  75-1317,  "Investi¬ 
gation  of  Two- Dimensional  Wedge  Nozzles  for  Advanced  Aircraft,"  show  that 
internal -external  expansion  2-D  nozzles  show  very  high  thrust  minus  drag 
transonic  speeds. 

The  plug  nozzle  thrust  bookkeeping  is  shown  on  Figure  23.  The  Rockwell 
procedure  used  for  ADCA  divides  the  external  aerodynamics  and  propulsion 
drag  responsibilities  at  Station  726.  The  nozzle/afterbody  performance  is 
expressed  as  gross  thrust  minus  drag  (Fg-D)  divided  by  the  ideal  gross 
thrust  potential  for  gas  properties  measured  at  the  augmentor  exit,  Fgi  ’ 

The  nozzle/afterbody  forces  are: 

1.  expansion  decrement  -  AFisen/Fgi>  due  t0  a  non-optimum  nozzle 
area  ratio 
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F404  nozzle  comparison,  ADCA  mission. 


2.  internal  nozzle  friction  -  ACL  . 

f  in 

3.  external  friction  aft  of  Station  744,  sidewalls  and  plug  surface 
scrubbed  by  exhaust  gases  -  AC^ 

4.  pressure  drag  on  the  external  flap  surface  -  ACq 

5.  the  pressure  drag  or  thrust  on  the  plug  and  sidewall  surface  -  ACL 

DP 

The  plots  on  the  right  of  the  figure  illustrate  typical  trends  of  these  nozzle/ 
afterbody  thrust  and  drag  components  versus  nozzle  pressure  ratio.  Note  that 
item  5  becomes  a  thrust  increment  at  nozzle  pressure  ratios  above  design. 

Figure  24  compares  the  ADCA  afterbody  and  the  plug  nozzle  test  model 
reported  in  NASA  TN  D-7906,  "Performance  of  an  Isolated  Two-Dimensional 
Variable-Geometry  Wedge  Nozzle  with  Translating  Shroud  and  Collapsing  Wedge 
at  Speeds  Up  to  Mach  2.01."  The  afterbody  drag  estimates  on  the  right  side 
of  the  figure  were  based  upon  boattail  drag  versus  area  ratio  trends  from 
L/D  =  1  models,  NASA  TN  D-7163,  "Effects  of  Fineness  and  Closure  Ratios  on  Boat- 
tail  Drag  of  Circular-Arc  Afterbody  Models  With  Jet  Exhaust  at  Mach  Numbers 
Up  to  1.3,"  at  mach  numbers  below  1.2  and  Prandtl-Meyer  expansion  calcula¬ 
tions  at  mach  numbers  above  1.2.  These  calculations  were  based  on  jet  exit 
conditions  which  result  in  ambient  pressure  at  the  junction  of  the  jet  and 
external  flow.  The  solid  curve  represents  the  afterbody  drag  forward  of 
Station  726  that  is  buried  in  the  air  vehicle  wave  drag  computations.  The 
ACd  between  stations  726  and  744  is  part  of  the  propulsion  bookeeping, 
item  (4)  of  the  preceding  figure,  assuming  a  continuing  Prandtl-Meyer  expan¬ 
sion  aft  of  station  726,  at  Mo>l,  and  no  interaction  with  the  nozzle  exhaust 
for  this  case. 

Test  data  in  TN  D-7906  were  used  to  extrapolate  and  interpolate  nozzle/ 
afterbody  performance  at  mach  1.5  cruise  conditions.  Selected  NASA  data 
are  shown  on  Figures  2-19  (simulated  dry  power  nozzle)  and  2-20  (simulated 
maximum  power  nozzle).  The  circular  symbols  denote  static  test  thrust 
coefficients;  a  0.985  FiSen/Fi  (items  1  and  2  of  Figure  23)  is  included  for 
comparison  and  extrapolation.  The  diamond  symbols  denote  the  NASA  test 
(Fj-Fa,  ap)/Fi  (model  thrust  minus  drag  adjusted  for  afterbody  friction  drag). 
Afterbody  pressure  data  were  not  shown  in  the  NASA  report.  The  "X"  symbols 
show  a  Rockwell  correction  for  the  estimated  afterbody  drag  from  Figure  24  - 
ACfg  =  Cpg/Fi.  Thus,  the  ACf  ex  is  the  combined  plug  pressure  force  and  fric¬ 
tion  drag  on  the  plug  and  sidewalls  (items  3  and  5  on  Figure  23)  plus  inter¬ 
action  between  the  exhaust  jet  and  boattail). 

The  dry  power  nozzle  with  an  internal  expansion  ratio  of  1.53  (design 
pressure  ratio  =  6.05)  is  examined  on  Figure  25.  Hie  Mq  =  0.95  data  show 
a  high  ACf  ex  at  low  nozzle  pressure  ratio  but  this  increment  decreases  to 
little  more  than  plug  and  sidewall  friction  drag  at  pressure  ratios  of  3  to  4. 
At  very  low  pressure  ratios  the  overexpanded  jet  probably  sucked  down  the 
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boat  tail  surfaces  and  may  have  further  overexpanded  on  the  plug.  The  = 

1.05  nozzle  (design  pressure  ratio  =  2.6)  showed  better  performance  at  pressure 
ratios  below  3.5.  At  mach  1.2  the  ACf  ex  was  about  6  points  at  all  nozzle 
pressure  ratios.  At  mach  1.5  the  ACf  ex  was  estimated  to  be  about  2  points 
in  the  anticipated  operating  pressure  ratios  of  7  to  9.  The  ACf  ex  incre¬ 
ment  is  much  smaller  with  the  maximim  power  nozzle  at  1.2M  (Figure  26)  due 
to  the  lower  internal  expansion  ratio  and  smaller  plug/nozzle  area  ratio. 

At  mach  2.0  a  substantial  plug  thrust  is  indicated.  Interpolation  indicates 
a  small  external  force  penalty  at  mach  1.5. 

The  data  from  NASA  TN  D-7906  and  AIAA  75-1317  show  that  twin  2-D  plug 
nozzles  will  provide  significantly  higher  thrust  minus  drag  than  axisyimetric 
nozzles.  Experimental  data  at  mach  1.2  and  2.0  indicate  that  efficient 
supersonic  cruise  with  2-D  nozzles  can  be  achieved.  It  also  appears  that 
the  plug  forces  approach  friction  drag  at  Subsonic  speeds  and  75  to  100  per¬ 
cent  of  the  design  internal  expansion  pressure  ratio. 

One  of  the  major  unknown  factors  of  supersonic  cruise  performance  is 
the  effect  of  boattail  flow-exhaust  jet  interaction.  The  local  mach 
numbers  on  the  basic  body  will  be  above  freestream  due  to  the  progressive 
reduction  in  cross  section  to  station  726.  Prandtl -Meyer  expansions  at  the 
nozzle  flap  hinge  can  create  even  more  sub-ambient  pressure  and  drag. 

Tests  of  axially  symmetric  boattails  show  that  a  positive  exit  static  pressure 
of  an  underexpanded  jet  will  initiate  a  shock- induced  separation  of  the  boat- 
tail  boundary  and  create  a  region  of  ambient  or  positive  pressures  over  a  part 
of  the  boattail.  This  is  illustrated  on  Figure  27;  the  scheduled  geometry 
operation  results  in  a  jet  exit  static -pres sure  ratio  of  1.6  and  an  8-degree 
turning  of  the  jet  boundary.  The  flap  angle  was  14  degrees  at  this  point; 
therefore,  it  was  assumed  that  8/14  of  the  theoretical  flap  drag  was  cancelled 
by  ambient  pressure  on  the  flap.  As  shown  by  the  bar  chart  on  the  right  side 
of  the  figure,  the  thrust  minus  drag  is  within  two  points  of  the  complete 
expansion  geometry  configuration. 

The  thrust  coefficients  used  for  the  installed  performance  calculations 
in  May  1975,  were  developed  in  TFD-75-573,  "Inlet  and  2-D  Plug  Nozzle  Design 
and  Performance,  ADCA  Supersonic  Penetration  Interdiction  Fighter,"  from  a 
brief  review  of  the  aforementioned  NASA  TN  D-7906.  The  nozzle  pressure  ratio 
versus  mach  number  trends  at  part  power  cruise  conditions  were  unknown  at  that 
point  so  the  simple  C£  versus  Ptg/P0  was  employed.  Figure  28  presents  a  recap 
of  both  the  20,000  andS50,000  feet  penetration  missions. 

The  Cfg  versus  Ptg/P0  data  on  the  left  present  the  simplified  data  inputs 
used  for  the  initial  propulsion  inputs  for  the  ADCA  mission  analyses  and 
several  detailed  spot  point  analyses  of  cruise  segments .  The  ACfg  increments 
between  the  curves  and  specific  points  were  utilized  to  compute  the  change  in 
specific  fuel  consumption,  ASFC,  and  the  resulting  errors  in  mission  fuel  usage, 
AWf,  shown  on  the  table  to  the  right  side  of  Figure  28.  The  points  (3)  and  (8) 
show  that  a  detailed  analysis  assigned  a  larger  boattail  drag  penalty  during 
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operation  at  50  to  60  percent  of  Intermediate  Power.  The  initial  optimism  was 
due  to  (1)  an  anticipated  higher  power  level  and  nozzle  pressure  ratio  at  sub¬ 
sonic  cruise,  and  (2)  an  under  estimation  of  the  flap  drag  penalty  at  Mq  = 

0,92  -  0.95,  see  Figure  24.  The  original  flap  drag  estimates  were  more  con¬ 
servative  and  realistic  at  Mq  =  1.5.  The  fuel  consumption  table  on  the  right 
side  of  the  figure  shows  that  the  cruise  fuel  consumption  was  off  by  85  pounds 
for  the  low-altitude  mission  and  54  pounds  for  the  high-altitude  mission.  The 
6-and-7  mile  losses  in  radius  could  be  partially  cancelled  by  reducing  the 
subsonic  cruise  mach  numbers  and  boattail  drag.  For  future  performance  compu¬ 
tations  a  more  complex  input  matrix  of  thrust  coefficient  versus  nozzle  pres¬ 
sure  ratio  at  constant  mach  number  for  several  nozzle  positions  will  be  used. 


Nozzle  Configuration  Details 

The  nozzle  cooling  concept  is  shown  on  Figure  29.  This  concept  uses 
trends  from  the  report  P$WA  FR-6634,  "Afterburning  Jet  Flap  Exhaust  System  for 
F100/AFTI."  Eight  percent  of  the  augmentor  entrance  flow  will  be  diverted  to 
the  cooling  liner  for  film  cooling  of  the  augmentor  and  primary  nozzle  flap. 

An  additional  3-percent  flow  will  be  ducted  into  the  nozzle  flap  and  sidewalls 
in  the  throat  region.  Another  4-percent  cooling  flow  will  be  ducted  into  the 
plug  cavity  for  film  cooling  of  the  plug  surface.  Most  of  the  plug  cooling 
flow  will  be  concentrated  at  the  plug  leading  edge  and  nozzle  throat  region. 

A  small  flow  through  the  vectoring  pivot  tube  will  pressurize  and  ventilate 
the  plug  cavity.  This  air  will  exhaust  through  the  slots  at  the  plug  vectoring 
and  reverser  hinge  gaps. 

Figure  30  shows  the  ADCA  thrust  reverser  for  minimizing  landing  distance. 
For  this  simple,  lightweight  geometry  the  reversed  thrust  vector  is  limited  by 
flow  choking  between  the  nozzle  flaps  and  reverser  doors,  Ar  =  reversed  gas 
throat.  A  higher  reversed  thrust  could  be  achieved  with  a  longer,  articulated 
door  and  a  longer  plug.  This  configuration  could  be  beefed  up  to  an  in-flight 
reverser  if  studies  indicate  desire  for  an  in-flight  thrust  reverser  for  SAM 
avoidance  maneuvers. 

A  more  detailed  drawing  of  the  ADCA  augmentor  and  nozzle  is  shown  on 
Figure  31.  The  nozzle  throat  area,  Ag,  and  exit  area,  Ag,  will  be  controlled 
by  actuators  in  the  sidewalls  and  connecting  linkage  to  assure  both  vertical 
and  horizontal  symmetry.  The  thrust  vectoring  and  reversing  functions  will  be 
accomplished  by  actuators  located  in  the  plug  cavity. 


Summary 

The  D572-4B  propulsion  system  design  is  based  on  proven  inlet  technology 
and  F404  engines  modified  for  rectangular,  vectoring  plug,  and  exhaust  nozzles. 
An  inlet  bypass  system  will  be  needed  to  insure  inlet-engine  compatibility  for 
the  20,000-foot  supersonic  mission.  The  initial  2-D  plug  nozzle  performance 
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Figure  31.  Design  study  -  2-D  nozzle  configuration  ADCA 


estimates  have  been  revised  for  the  subsonic  cruise  mode.  The  NASA  wind  tunnel 
tests  discussed  previously  show  a  significant  advantage  for  2-D  nozzles  for 
multi-engine  supersonic  cruise  vehicles.  Future  programs  such  as  the  USAF  FDL 
Non-Axisymmetric  Nozzle  Follow-On  program  and  the  USAF  APL  Turbine  Engine 
Survivability  Criteria  program  will  establish  a  firm  data  base  for  use  of  2-D 
nozzles  in  the  ADCA. 


MASS  PROPERTIES  DATA 
WEIGHT  AND  BALANCE 


Basepoint  weights  for  the  composite  configuration  (D572-4B)  and  the  metal 
configuration  (D572-5A)  were  derived  using  a  combination  of  analytical,  statis¬ 
tical,  and  comparative  methods.  Structural  components  were  primarily  estimated 
through  the  use  of  the  Structural  Weight  Estimation  Program  (SWEEP) ,  Reference 
13.  The  propulsion  and  equipment  group  weights  estimates  reflect  all  three 
methods . 


SWEEP  was  also  used  to  develop  a  wing  weight  matrix  for  both  composite 
and  metal  vehicles  to  be  used  in  the  vehicle  sizing  efforts.  Wing  weights 
which  reflect  the  structural  concept,  material  properties,  vehicle  speed 
profile,  and  flutter  requirement  were  calculated  for  variations  in  aspect  ratio 
wing  area,  leading  edge  sweep,  thickness  ratio,  and  gross  weight. 

The  range  of  values  investigated  in  this  study  are  shown  in  the  following 
paragraph. 


Gross 

Weight 

Pounds 

Wing 

Area 

Sq.  Ft. 

Leading 

Edge 

Sweep 

Degrees 

Aspect 

Ratio 

Wing 

Thickness 

Ratio 

30,000 

300 

50 

2.5 

0.050 

37,000 

400 

60 

3.0 

0.055 

44,000 

500 

70 

3.5 

0.060 

This  matrix  resulted  in  243  wing  weights  for  both  composite  and  metal 
concepts.  The  actual  number  calculated  by  using  SWEEP  was  reduced  to  90  and 
the  remainder  extrapolated  statistically  from  the  calculated  points.  Wing 
weight  matrix  data  reflected  initial  estimates  for  flutter  solutions.  Surface 
flutter  studies  incorporating  aerodynamic  forces,  revised  mass  distributions, 
and  elastic  axis  data  were  used  to  refine  the  basepoint  weights. 

Hie  weight  and  balance  summaries  for  the  final  iterated  composite  and 
metal  basepoint  vehicles  are  presented  in  Tables  2  and  3.  Figures  32  and  33 
give  the  center- of- gravity  variation  with  gross  weight  for  the  basic  mission 
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Figure  32.  Gross  weight  versus  CG  for  D572-4B. 
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Figure  33.  Gross  weight  versus  CG  for  D572-5A 
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TABLE  2.  D572-4B  WEIGHT  SUMMARY  (COMPOSITE  VEHICLE) 


STRUCTURE  CROUPS 


_  WING  GROUP _ _ 

TAIL  GROUP  -  HORIZONTAL 


_  BODY  GROUP _ _ _ 

ALIGHTING  GEAR  GROUP  •  MAIN 


•  AUXILIARY 


ENGINE  SECTION  OR  NACELLE  GROUP 


AIR  INDUCTION  SYSTEM 


mn 


PROP 


ENGINE  (AS  INSTALLED) 


ACCESSORY  GEAR  BOXES  4  DRIVES 


EXHAUST  SYSTEM 


COOLING  4  DRAIN  PROVISIONS 


ENGINE  CONTROL 


STARTING  SYSTEM 


FUEL  SYSTEM 


FAN  (AS  INSTALLED) 


HOT  GAS  DUCT  SYSTEM 


EQUIPMENT  CROUPS 


I M  M :  >  ■«(»!:  >  i  :E«1  :I»]I| 


AUXILIARY  POWER  PLANT  GROUP 


INSTRUMENTS  GROUP 


HYDRAULIC  4  PNEUMATIC  GROUP 


ELECTRICAL  GROUP 


AVIONICS  GROUP 


ARMAMENT  GROUP 


FURNISHINGS  AND  EQUIPMENT  GROUP 


ANTI-ICING  GROUP 


PHOTOGRAPHIC  GROUP 


LOAD  4  HANDLING  GROUP 


TOTAL  WEIGHT  EMPTY 


CREW 


FUEL  -  UNUSABLE  _ 


FUEL  -  USABLE 


OIL  -  ENGINE 


PASSENGERS  /  CARGO 


ARMAMENT  2-MK84  LGB 


2-SELF  DEFENSE  MISSILE 


i:ao«M  MPlisyiTptji 

■  ■■  ■  — 


EPU  FUEL 


TOTAL  USEFUL  LOAD 


TAKEOFF  GROSS  WEIGHT 


FLIGHT  DESIGN  GROSS  WEIGHT 


LANDING  DESIGN  GROSS  WEIGHT 
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WMHm 

410 

358 

560 

355 

320 

235 

5  470 


1(38511 


203 


474 


19265 

526.2 
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203 

190 

474 

12800 

20 

652 
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479 

192 

288 
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20 
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60 
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TABLE.  3.  D572-5A  WEIGHT  SUMMARY  (METAL  VEHICLE) 


BASIC 

WT. 

C.C. 

fOENT 

MAX. 

WT. 

C.G. 

MCMBIT 

STRUCTURE  CROUPS 

(11370) 

509.2 

(5789642 

WING  GROUP 

4834 

585 

TAIL  GROUP  -  HORIZONTAL 

250 

266 

-  VERTICAL 

BOOT  GROUP 

4117 

448 

ALIGHTING  GEAR  GROUP  -  MAIN 

1530 

J2£L 

-  AUXILIARY 

Hi  . 

_J29 

ENGINE  SECTION  OR  NACELLE  GROUP 

120 

MS 

AIR  INDUCTION  SYSTEM 

3Q5 

558 

PROPULSION  CROUP 

(6255) 

650.5 

(4068715; 

ENGINE  (AS  INSTALLED) 

3690 

648 

ACCESSORY  GEAR  BOXES  &  DRIVES 

190 

596 

EXHAUST  SYSTEM 

1655 

727 

COOLING  &  DRAIN  PROVISIONS 

_ 30 

_636  _ 

ENGINE  CONTROLS 

40 

345 

STARTING  SYSTEM 

80 

591 

FUEL  SYSTEM 

570 

493 

FAN  (AS  INSTALLED) 

HOT  GAS  DUCT  SYSTEM 

EQUIPMENT  CROUPS 

(5120) 

413.0 

(2114500) 

FLIGHT  CONTROLS  GROUP 

1005 

470 

AUXILIARY  POWER  PLANT  GROUP 

120 

481 

INSTRUMENTS  GROUP 

120 

317 

HYDRAULIC  8.  PNEUMATIC  GROUP 

430 

537 

ELECTRICAL  GROUP 

680 

412 

AVIONICS  GROUP 

1350 

360 

ARMAMENT  GROUP  INCLUDES  RACK 

560 

„345 _ 

FURNISHINGS  AND  EQUIPMENT  GROUP 

320 

225 

AIR  CONDI T 1  ON ING  GROUP 

530 

509 

ANTI-ICING  GROUP 

PHOTOGRAPHIC  GROUP 

LOAD  A  HANDLING  GROUP 

5 

470 

TOTAL  WEIGHT  EMPTY 

22745 

526.4 

L1972857 

22745 

526.4 

.1972857 

CREW 

215 

187 

1  215 

187 

FUEL  -  UNUSABLE 

135 

493 

135 

493 

FUEL  -  USABLE 

7878 

499 

_ 8900 

493 

OIL  -  ENGINE 

20 

656 

20 

656 

PASSENGERS  /  CARGO 

ARMAMENT  2-MK84  LGE 

4120 

454 

8240 

503 

2-SELF  DEFENSE  MISSILE 

60IT 

638 

M-61  GUN  f  IMPROVED) 

192“ 

304 

192 

304 

AMO  -  300RDS 

170 

324 

EQUIPMENT  LIQUID  N? 

20 

490 

20 

490 

EH!  FUEL 

60 

581 

60 

581 

TOTAL  USEFUL  LOAD 

12640 

476.6 

>024510 

18552 

495.7 

9196118 

TAKEOFF  GROSS  WEIGHT 

35385 

508.6 

.7997367 

41297 

512.6 

21168975 

FLIGHT  DESIGN  GROSS  WEIGHT 

33809 

509.2 

LANDING  DESIGN  GROSS  WEIGHT 

30658 

510.1 

FORM  10S4-C-*  REV.  »2*74 
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loading  and  the  alternate  maximum  loading  for  both  vehicles.  Table  4 
summarizes  the  design  weight  and  center-of- gravity  data  assumed  to  derive 
structural  loads  and  weights.  The  definition  of  flight  design  weight  is  basic 
mission  takeoff  weight  less  20  percent  of  mission  required  fuel.  The  defini¬ 
tion  of  landing  design  weight  is  basic  mission  takeoff  weight  less  60  percent 
of  mission  required  fuel.  Maximum  design  weight  is  defined  as  four  MK-84  LGB 
(GBU-10C/B),  full  ammo,  self-defense  missiles  and  full  internal  fuel.  The 
basic  mission  takeoff  weight  does  not  include  ammo  and  self-defense  missiles 
but  the  final  designs  (D572-4C  and  D572-5B)  which  resulted  from  this  sizing 
study  will,  because  of  a  change  in  mission  ground  rules. 


WEIGHT  DERIVATION 
Structure  Group 

SWEEP  was  used  to  derive  structure  weight  estimates  for  both  the  composite 
and  metal  vehicles.  SWEEP  does  not  lend  itself  well  to  analyzing  nonplanar 
wing  configurations.  Therefore,  modifications  were  made  to  the  basic  program 
and  computer  programs  were  developed  to  support  SWEEP  activities.  Additional 
process  amendments  were  required  to  simulate  geometry,  develop  design  loads, 
and  analysis  limitations.  The  major  assumptions  made  to  implement  the  use  of 
SWEEP  are  discussed  in  the  following  text. 


TABLE  4.  VEHICLE  DESIGN  WEIGHTS  AND  CENTERS  OF  GRAVITY 


Composite  Vehicle  (D572-4B) 


Description 


Weight 

(Pounds) 


Center  of  Gravity 
(Fus.  Sta.) 


Flight  Design 
Landing  Design 
Maximum  Design 


29562 

26822 

41772 


510.9 

509.3 

502.5 


Metal  Vehicle  (D572-5A) 

Flight  Design 

33809 

509.2 

Landing  Design 

30658 

510.1 

Maximum  Design 

41297 

512.6 
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SWEEP  Geometry  Model 

Wing  geometry  of  both  configurations  is  non-planar  and  blended.  Because 
of  the  unique  wing  configuration,  an  unconventional  approach  was  used  in  the 
SWEEP  analysis.  The  wing  structure  was  estimated  in  two  separate  analysis 
steps,  one  being  the  outboard  panel  from  60  percent  span  to  the  tip,  and  the 
second  being  from  buttock  line  33  to  60  percent  span. 

In  modeling  the  outboard  panel,  a  planar  wing  was  developed  from  the 
non-planar  geometry.  In  the  planar  simulation,  the  sweep  of  the  45  percent 
element  line  was  assumed  equal  to  that  of  the  non-planar  line  and  true  wing 
chords  developed  around  this  reference  line.  Using  the  true  box  chord  at 
the  60  and  90  percent  spanwise  locations  on  the  non-planar  geometry  [49. 2 
and  80  percent  on  a  planar  planform)  as  the  definition  for  the  box  taper 
ratio  gave  a  reasonable  approximation  of  the  spanwise  variation  of  box  width. 
This  approach  was  used  for  both  metal  and  composite  wings.  Since  the  wing 
chords  were  made  true  it  follows  that  the  thicknesses  are  true. 

The  assumed  effective  torque  box  for  the  inboard  parel  is  different 
between  the  metal  and  composite  designs.  On  the  composite  design  the  leading 
edge  (front  spar)  was  defined  by  a  straight  line  connecting  the  points  defined 
by  1,  the  45  percent  element  at  60  percent  of  the  non-planar  span  and  2,  but¬ 
tock  line  33  at  fuselage  station  481.  The  box  inboard  trailing  edge  intercept 
(rear  spar)  was  defined  to  be  buttock  line  33  at  fuselage  station  606.  Fig¬ 
ure  34  shows  the  assumed  torque  box  on  a  non-planar  planform.  On  the  metal 
design,  the  box  inboard  leading  edge  intercept  was  defined  to  be  buttock 
line  33  at  fuselage  station  530,  and  the  box  inboard  trailing  edge  intercept 
was  defined  to  be  buttock  line  33  at  fuselage  station  575.  Figure  35  shows 
the  assumed  torque  box  on  a  non-planar  planform.  These  two  torque  box  models 
provide  reasonable  structural  definition  to  develop  sizing  studies  and  weight 
estimates.  The  numbers  on  Figures  34  and  35  represent  the  wing  station  cuts 
^or  SWEEP  analysis. 

The  fuselage  structural  perimeter  for  the  two  configurations  are  shown 
in  Figures  36  and  37.  They  were  developed  by  using  the  following  ground  rules: 

1.  Fuselage  width  between  stations  80  and  500  (80  and  520  for  metal 
version)  limited  to  66  inches. 

2.  Fuselage  width  is  104.4  inches  aft  of  station  500  (520  for  metal 
version) . 

3.  The  upper  moldline  of  fuselage  coincide  with  upper  wing  cover  where 
common  structure  occurs. 

4.  The  canopy  bump  is  not  included  in  the  perimeter  data. 
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BUTTOCK 


ASSUMED  SIDE 
OF  FUSELAGE 


FUSELAGE  STATION,  INCHES 


Figure  34.  D572-4B  wing  torque  box  geometry  model 


ASSUMED  SIDE 
OF  FUSELAGE 


FUSELAGE  STATION,  INCHES 


Figure  35.  D572-5A  wing  torque  box  geometry  model 


SWEEP  Type  Construction  Model  (Advanced  Composite) 

The  outboard  wing  torque  box  is  full-depth  honeycomb  with  graphite/ epoxy 
face  sheets.  The  honeycomb  core  is  also  graphite/ epoxy.  It  was  assumed  for 
SWEEP  analysis  that  the  density  of  the  core  would  be  4  pounds  per  cubic  foot 
with  design  allowables  equivalent  to  that  for  aluminum  core  of  the  same  density. 
Recent  checks  by  the  Stress  Group  indicate  that  a  4-pound  core  would  probably 
be  sufficient  to  support  crushing  loads  resulting  from  the  spanwise  curvature 
of  the  wing.  Succeeding  SWEEP  analysis  will  reflect  this  detail  check. 

The  inboard  wing  torque  box  is  multi-spar  with  honeycomb  panel  skins. 
Honeycomb  core  in  the  SWEEP  analysis  was  assumed  to  be  the  same  as  that  used 
for  the  outboard  panel.  The  face  sheets  are  graphite/epoxy.  Spar  webs  are 
also  a  honeycomb  panel  design.  The  wing  skin  panels  were  0.75  inch  thick 
while  spar  web  panels  were  assumed  to  be  0.25  inch.  It  was  determined  from 
the  SWEEP  analysis  that  the  required  ±45-degree  fiber  layups  were  critical  from 
a  torsional  rigidity  requirement  for  flutter  speeds  rather  than  a  panel  stabil¬ 
ity  requirement.  This  was  also  true  for  the  outboard  wing  box.  SWEEP  does 
not  check  wing  skins  for  fuel  pressure  but  estimates  the  number  of  90  degree 
directional  fibers  as  a  fraction  of  the  zero  directional  fibers.  Studies  have 
indicated  that  the  10  percent  used  in  the  analysis  is  low  and  should  be 
increased  to  40  percent.  Subsequent  analysis  will  incorporate  this  data. 

The  canard  was  full-depth  honeycomb  with  graphite/ epoxy  face  sheets.  The 
core  was  graphite/ epoxy.  The  same  assumptions  for  density  and  properties  were 
made  as  that  used  for  the  outboard  wing  panel. 

The  fuselage  construction  model  used  to  derive  the  basic  shell  weight 
requires  additional  design  verification  to  establish  the  same  confidence  level 
as  that  obtained  in  the  lifting  surface  analysis  process.  SWEEP  fuselage 
estimating  methods  have  no  composite  or  honeycomb  panel  analysis  capabilities 
at  the  present  time.  In  order  to  simulate  composite  construction,  skin-frame- 
longeron  fuselage  design  procedures,  coupled  with  derived  isotropic  graphite 
material  properties  were  used  to  establish  the  fuselage  shell  weight.  The 
frame  spacing  was  selected  at  10  inches  to  prevent  excessive  skin  weight  due 
to  panel  flutter  criteria.  The  skin  material  properties  were  derived  for 
symmetrical  layups  of  25  percent  of  the  thickness  composed  of  both  zero  and 
ninety  degree  fibers  and  50  percent  ±45  degree  fibers  which  were  allowed  to 
have  diagonal  tension  fields.  The  same  applied  to  frame  material.  The 
longerons  properties  were  based  on  70  percent  zero  degrees  and  30  percent  ±45 
degree  fibers.  This  approach  was  used  in  lieu  of  fractions  of  metal  weight  in 
order  to  make  fuselage  weight  sensitive  to  advanced  composite  material  prop¬ 
erties.  These  assumption  will  be  verified  and  changed  as  required  as  the 
design  analysis  progresses. 


SWEEP  Type  Construction  Model  (Metal) 


The  wing  torque  box  estimate  was  based  on  multi -spar  plate  construction. 
The  inboard  torque  box  was  analyzed  with  a  constant  spar  spacing  of  9  inches; 
the  outboard  torque  box  was  based  on  a  constant  number  of  spars  (2  intermediate 
spars) .  Subsequent  analysis  by  the  Stress  Group  of  outboard  wing  curvature 
effects  indicated  that  three  additional  spars  were  required  to  stabilize  the 
covers  and  react  the  crushing  loaas.  These  result^  will  be  incorporated  in 
succeeding  SWEEP  analysis. 


The  canard  was  designed  with  full-depth  aluminum  honeycomb  core  and  face 
sheets.  Core  density  was  assumed  to  be  4  pounds  per  cubic  foot. 

The  fuselage  shell  structure  estimate  was  based  on  skin- frame- longeron 
construction.  The  shell  was  constructed  primarily  of  aluminum  alloy  with 
titanium  used  in  the  engine  compartment. 


Materials  used  in  the  analysis  of  each  of  the  structural  components  are 


tabulated  in  the  next  paragraph. 
Component 


Wing  Torque  Box 
Canard  Torque  Box 
Forward  and  Mid  Fuselage 
Cover 
Longeron 
Minor  Frames 
Major  Frames 
Aft  Fuselage 


Material 

X7475-T76  Aluminum  Alloy 
X2048-T851  Aluminum  Alloy 

X2048-T851  Aluminum  Alloy 
X7475-T76  Aluminum  Alloy 
X2048-T851  Aluminum  Alloy 
X7475-T76  Aluminum  Alloy 
Ti-6A1-4V  (Annealed)  Titanium 


SWEEP  Load  Model 


Because  of  the  unique  wing  design,  the  SWEEP  load  analysis  methods  were 
not  used  to  derive  vehicle  airloads.  Recently  Rockwell  Intemational/LAAD 
has  developed  under  IR§D  funding  new  computer  programs  and  procedures  to 
verify  and  evaluate  aeroelastic  tailoring  requirements.  The  procedure  uses 
the  box  beam  theory  of  SWEEP  as  its  initial  structural  model.  Along  with 
this  development  new  load  routines  were  created  tc  supply  SWEEP  input  loads. 
Revisions  to  SWEEP  were  also  made  to  accept  and  process  these  loads. 


Trimmed  pressure  distributions  for  a  rigid  vehicle  were  supplied  by  a 
modified  version  of  the  Non-planar  Unified  Distributed  Panel  Wing-Body  Program 
used  by  the  Aerodynamics  Group.  This  program  computes  subsonic  and  supersonic 
aerodynamic  characteristics  of  wing-body  configurations,  surface  pressures, 
load  distribution,  and  total  component  and  configuration  loads.  Data  sets  of 
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pressure  distributions,  normalized  to  dynamic  pressure  and  for  a  trimmed  lift 
coefficient  of  one,  were  created  for  various  mach  numbers.  Unit  shears, 
moments,  and  torques  were  calculated  with  a  new  computer  program  called  Load 
Influence  Coefficient  Program.  The  unit  loads  were  then  converted  to  limit 
loads  at  the  design  load  factors,  gross  weight  and  dynamic  pressures  at  the 
given  mach  numbers  and  altitudes  by  another  new  program  called  Design  Loads 
Program.  The  resulting  loads  sets  were  inputted  into  SWEEP  for  corresponding 
design  synthesis  points  on  the  plmar  planform.  Four  flight  conditions  were 
used  to  represent  a  reasonable  sample  of  loads  for  designing  components  and 
estimating  structure  weights. 

These  flight  conditions  at  the  flight  design  gross  weight  for  each  of  the 
configurations  are  listed  in  the  following  paragraph. 


Mach  No. 

.Altitude 

Canard  Position 

Vertical 
Load  Factor 

0.9 

Sea  Level 

Retracted 

8.0 

1.2 

Sea  Level 

Retracted 

9.0 

1.2 

Sea  Level 

Retracted 

-3.0 

1.71 

20,000  Ft. 

Retracted 

6.5 

Canard  loads  for  ADCA  were  estimated  by  using  the  airloads  module  of 
SWEEP  with  the  planar  wing  model  and  trimming  with  the  canard.  This  was  done 
to  expedite  ihe  load  process.  This  method  gives  conservative  canard  loads 
which  will  be  reviewed  and  corrected  in  the  next  design  phase. 

Figures  59  through  74  and  Tables  12  through  15  of  Section  TV  present  the 
net  ultimate  wing  and  fuselage  loads  which  resulted  from  the  above  described 
procedures . 

SWEEP  Structural  Weights 

Lifting  surface  torque  box  weights  were  calculated  from  SWEEP  derived 
theoretical  sizing.  Provisions  have  been  programmed  so  that  multiplication 
factors  can  be  applied  to  the  SWEEP  weight  results.  These  scaling  numbers 
bridge  the  gap  between  the  theoretical  early  preliminary  design  and  the  more 
rigorous  downstream  layout  phases.  Table  5  gives  the  weight  index  factors 
used  to  obtain  the  weight  estimates.  The  leading  and  trailing  edge  weights 
were  derived  from  statistical  equations  based  on  metal  design  data.  There¬ 
fore,  the  composite  construction  leading  and  trailing  edge  weights  were  derived 
by  assuming  that  composite  weights  were  a  percent  of  the  statistical  metal 
weights.-  The  track  and  pivot  weight  for  the  canard  was  assumed  to  equal 
40  percent  of  the  torque  box  (note  the  last  number  in  the  last  column  of 
Table  5). 


TABLE  5.  WEIGHT  INDICES  FOR  LIFTING  SURFACES 


Description 

Wing 

Canard 

Composite 

Metal 

Composite 

and  Metal 

Inbd 

Outbd 

Inbd 

Outbd 

Total  Upper  Cover 

1.13 

1.13 

1.13 

1.13 

1.13 

Skin 

1.10 

1.10 

1.10 

1.10 

1.10 

Spar  Caps,  Adhesive,  or  Inserts 

1.5 

1.50 

1.5 

1.50 

1.50 

Total  Lower  Cover 

1.16 

1.16 

1.16 

1.16 

1.16 

Skin 

1.10 

1.10 

1.10 

1.10 

1.10 

Spar  Caps,  Adhesive,  or  Inserts 

1.50 

1.50 

1.50 

1.50 

1.50 

Upper  and  Lower  Miscellaneous  Skin 

1.20 

1.20 

1.20 

1.20 

1.20 

Upper  and  Lower  Skin  Fasteners 

1.00 

1.00 

1.00 

1.00 

1.0 

Total  Interm.  Ribs,  Spars,  or  Core 

1.20 

1.00 

1.20 

1.20 

1.0 

Webs  or  Core 

1.25 

1.25 

1.25 

1.25 

1.0 

Miscellaneous 

1.25 

1.25 

1.25 

1.25 

1.25 

Joint  Attachments  5  Bulkheads 

1.25 

1.25 

1.25 

1.25 

1.25 

Total  Front  Spar 

1.10 

1.10 

1.10 

1.10 

1.10 

Caps 

1.15 

1.15 

1.15 

1.15 

1.15 

Web 

1.25 

1.25 

1.25 

1.2S 

1.25 

Miscellaneous 

1.15 

1.15 

1.15 

1.15 

1.15 

Total  Rear  Spar 

1.10 

1.10 

1.10 

1.10 

1.10 

Caps 

1.15 

1.15 

1.15 

1.15 

1.15 

Web 

1.25 

1.25 

1.25 

1.25 

1.25 

Miscellaneous 

1.15 

1.15 

1.15 

1.15 

1.15 

Total  Root  Rib 

1.00 

1.00 

1.00 

1.00 

1.00 

Caps 

1.00 

1.00 

1.00 

1.00 

1.00 

Web 

0.75 

1.00 

0.75 

1.00 

1.00 

Miscellaneous 

1.0 

1.00 

1.00 

1.00 

1.00 

Total  Torque  Box 

1.00 

1.00 

1.00 

1.00 

1.40 

Composite  construction  secondary  structure  component  weights,  except  for 
glass,  radome,  and  external  finish,  were  assumed  to  be  80  percent  of  the 
statistical  metal  weights. 

The  landing  gear  weights  were  derived  from  SWEEP  results.  The  gear  was 
analyzed  as  if  it  were  made  of  metal.  The  metal  weight  was  then  corrected  to 
reflect  composite  material.  The  assumption  for  deriving  the  composite  weight 
was  that  40  percent  of  the  strut  weight  could  be  saved  with  composites.  This 
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results  in  a  total  alighting  gear  weight  reduction  of  10  percent.  The  weight 
indices  used  in  SWEEP  gear  analysis  to  derive  the  total  metal  gear  weight  are 
as  follows: 


Main  Gear  Nose  Gear 


Total  Gear 
Outer  Cylinder 
inner  Cylinder 
Drag  Strut 
Side  Strut 


1.0 

1.1 

2.0 

2.0 

2.0 

2.0 

5.0 

4.0 

5.0 

0.0 

The  engine  section  weight  consists  of  engine  mounts,  firewall  and  insula¬ 
tion.  The  engine  mounts  are  SWEEP  derived.  The  firewall  is  assumed  to  be 
0.02-inch  titanium.  The  insulation  was  assumed  to  be  1-inch  thick  with  a 
density  of  4  pounds  per  cubic  foot.  A  summary  of  the  engine  section  weight  is 
listed  as  follows: 


Weight  (Pounds! 

Engine  Mounts  55 

Firewall  40 

Insulation  25 

The  inlet  duct  weight  estimate  for  air  induction  system  is  based  on  inlet 
pressures  defined  by  the  speed/altitude  profile  in  Appendix  A.  The  duct  design 
point  is  a  hammershock  condition  occuring  at  1.39M/8,000  feet.  The  limit 
pressure  for  this  condition  is  45.1  psig  (ultimate  =  67.7  psig)  and  temperature 
is  220°  F.  In  deriving  the  critical  pressure/temperature  design  point  a 
reduced  safety  factor  of  1.15  was  applied  to  the  hammershock  pressures  on  the 
Vp  curve  and  the  standard  1.5  was  used  for  all  other  points  on  both  the  Vl  and 
Vp  curves.  Table  6  gives  the  inlet  pressures  and  temperatures  for  the  points 
investigated. 

TABLE  6.  INLET  PRESSURES  AND  TEMPERATURES 


Altitude 

(Feet) 

°F 

P2  (Psig) 
(Limit) 

PHS  (Psig) 
(Limit) 

1.20 

0 

208 

17.4 

45.3 

1.31  (VH) 

■ 

214 

18.4 

43.9 

1.41  (VL) 

241 

23.4 

51.6 

1.39  (VH) 

8000 

220 

19.6 

45.1 

1.49  (VL) 

8000 

248 

24.3 

52.1 

1  64  (Vp) 

217 

18.3 

38.7 

1.74  (VL) 

247 

_ 

22.3 

44.7 

The  metal  configuration  components  were  obtained  directly  from  statistical 
weight  calculations.  Percentages  used  to  estimate  the  composite  leading  and 
trailing  edge  components  are  listed  in  the  next  paragraph. 


Leading  and  Trailing  Composite  Weights 
as  Percent  of  Metal 

Fixed  Leading  Edge 

Leading  Edge  Control  Device 

Fixed  Trailing  Edge 

Trailing  Edge  Control  Device 

Wing  Canard 

80  80 

70 

80  80 
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The  fuselage  shell  weight  was  derived  using  the  theoretical  sizing  with 
weight  index  factor  to  reflect  actual  weight.  These  index  factors,  used  for 
both  composite  and  metal  concepts,  are  listed  as  the  following: 


Fuselage  Weight  Indices 

Description 

Index 

Covers 

1.20 

Longerons 

1.25 

Joints 

1.10 

Minor  Frames 

1.15 

Major  Frames 

1.20 

Bulkheads 

1.20 
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The  duct  weight  estimate  was  obtained  by  analytically  deriving  a  unit 
weight  for  the  design  pressure/temperature  condition  (45.1  psig/220°F).  Based 
on  assuming  a  typical  aluminum  skin/frame  construction,  an  assumed  15-percent 
reduction  factor  was  applied  to  metal  unit  weights  for  a  composite  constructed 
duct.  The  unit  weights  for  the  metal  and  composite  ducts  are  2.23  and  1.90 
pounds  per  square  foot,  respectively.  These  unit  weights  were  applied  to  the 
duct  surface  areas  for  total  duct  weights  of  250  and  255  pounds.  The  inlet 
duct  of  the  metal  configuration  (D572-5A)  is  15  inches  shorter  than  its  com¬ 
posite  material  counterpart.  The  duct  length  difference  was  brought  about  by 
configuration  differences  in  the  armament  bay  location.  The  shorter  duct 
length  accounts  for  an  approximate  15-percent  reduction  in  duct  surface  area. 

The  inlet  air  bypass  system  weight  was  empirically  derived  by  assuming  a 
door  area  at  35  percent  of  the  inlet  capture  area  and  a  door  unit  weight  of 
20  pounds/foot^.  This  unit  weight  includes  actuation  and  controls. 


Composite 

D572-4B 

Metal 

D572-5A 

(pounds) 

(pounds) 

Ducts 

250 

255 

Bypass  System 

50 

50 

Total  Air  Induction 

300 

305 

Propulsion  Group 


The  estimated  weights  of  the  propulsion  systems  ;'ere  based  primarily 
on  statistical  and  empirical  weight  estimating  methods.  Vendor  data  were 
used  when  applicable.  The  propulsion  weights  are  identical  for  both  the 
metal  and  composite  airplanes  except  for  the  fuel  system, which  is  outlined 
later  in  the  text. 


Engine 

The  engines  are  modified  F404-GE-400  turbofans.  The  standard  engine 
has  a  bare  dry  weight  of  2020  pounds.  The  engine  weight  without  the  after¬ 
burner  casing  and  nozzle  as  configured  for  use  in  conjunction  with  a  two- 
dimensional  plug  nozzle  weighs  1770  pounds.  The  nozzle  weight  with  the  after¬ 
burner  casing/transition  duct  is  included  with  the  exhaust  system  weight. 

"Tie  modified  engine  weight  is  based  on  data  supplied  by  General  Electric  for 
d  J101  engine  similarly  reconfigured.  Tne  F404-GE-400  is  a  derivative  of  the 
J101. 
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The  installed  engine  weight  includes  an  allowance  of  75  pounds  per  engine 
for  residual  fluids  and  miscellaneous  airframe/ engine  interfacing  provisions. 
This  allowance  is  based  on  data  from  the  YF-17  air  vehicle, which  has  YJ101 
engines . 


Pounds 

Engines  (less  transition  duct  and  nozzles)  (2) 

3540 

Residual  fluids 

150 

Miscellaneous  Installation  provisions 

Engines  (As  Installed) 

3690 

Accessory  Gearbox  and  Drives 

The  accessory  gearbox  system  weight  was  estimated  from  statistical/empirical 
data.  The  gearbox  weights  were  based  on  vendor  data  for  the  YF-17  gearboxes. 

The  weights  of  the  installation  provisions  were  empirically  estimated. 

The  YF-17  gearbox  drives  one  hydraulic  punp  and  one  integrated  drive 
generator  and  has  a  starter  input  pad  and  drive  train.  This  box  weighs 
42  pounds.  The  box  for  the  ADCA  vehicle  drives  an  additional  hydraulic  punp 
and  is  estimated  at  52  pounds. 


3 

'j 

! 


Pounds 

Gearboxes  (2) 

104 

Power  Takeoff  Shafts  (2) 

16 

Cooling  and  Lubrication  System 

40 

Mounting  Provisions 

15 

Miscellaneous 

15 

Accesso’y  Gearboxes  and  Drives 

190 

Exhaust  System 

The  exhaust  system  weight  consists  of  the  two  "dimensional  afterburner 
casing/ transition  duct  and  nozzles  (Figure  38) .  The  weight  estimate  of  the 
transition  ducts  with  the  movable  flaps  for  regulating  nozzle  throat  area 
was  based  on  data  supplied  by  General  Electric  (Reference  11).  The  data  was 
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for  a  jet  flap  exhaust  system  used  in  conjunction  with  a  J101  engine  and 
supplied  under  contract  in  support  of  Rockwell  International’s  Advanced 
Fighter  Technology  Integrator  Program. 

This  data  was  used  as  a  basis  to  develop  the  curve  of  jet  flap  weight 
versus  flap  span  (Figure  38) .  The  curve  does  not  include  the  weight  of  the 
nozzle  plug  and  its  systems.  The  weight  of  a  52-inch  flap  span  exhaust  sys¬ 
tem  for  the  ADCA  less  the  nozzle  plugs  is  1070  pounds  per  vehicle.  The 
weight  of  the  plugs  and  their  systems  is  estimated  at  585  pounds.  The  total 
exhaust  svitem  weight  is  1655  pounds.  The  comparable  exhaust  system  weight 
if  a  standard  F404-GE-400  system  was  used  is  500  pounds. 


Starting  System 

The  engines  are  started  by  air  turbine  starters  mounted  on  the  air 
vehicle  accessory  gearboxes.  The  turbines  are  powered  by  either  an  external 
power  source  or  cross  ship  bleed  air  from  a  started  engine. 


Pounds 

Starter  Turbines  and  Valves  (2) 

60 

External  Receptacle 

5 

Ducting 

10 

Wiring  and  Misc 

5 

Total  Starting  System 

80 

Fuel  System 

The  fuel  system  weight  estimates  are  based  on  statistical/empirical  data. 
The  fuel  system  weights  for  the  conposite  and  metal  vehicles  are  a  function  of 
their  respective  maximum  fuel  volumes.  The  composite  vehicle  has  considerably 
more  excess  volume  above  that  required  for  the  design  mission  than  the  metal 
vehicle.  The  maximum  fuel  quantities  for  the  composite  and  metal  vehicles  are 
12,800  pounds  (1969  gallons)  and  8900  pounds  (1369  gallons),  respectively. 

All  fuel  is  contained  in  integral  tanks.  The  system  plumbing  and  sealant 
weight  was  calculated  at  0.3  pound/ gallon.  This  unit  weight  does  not  include 
the  inerting  system  for  fire/explosion  protection  of  the  aerial  refueling 
system. 
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Composite 

D572-4B 

Metal 

D572-5A 

Pounds 

Pounds 

Plumbing 

S90 

410 

Inerting  System 

60 

60 

Aerial  Refueling 

100 

100 

Total  Fu:*l  System 

750 

570 

Cooling  and  Drain  Engine  Controls 

The  weight  allocations  of  these  systems  were  based  on  empirical  data 

Engine  Controls  40  pounds 

Cooling  and  Drain  30  pounds 


Equipment  Subsystem 

The  following  section  describes  the  methods  utilized  in  estimating  the 
equipment  subsystem  weights .  Also  included  are  the  assumptions  and  criteria 
used  directly  or  indirectly  in  the  weight  buildup. 

The  ADCA  subsystem  weights  reflect  the  state  of  the  art  advanced  for  the 
1980 's  time  period  where  applicable.  Much  of  the  equipment  specified  is 
current  state  of  the  arc,  e.g.;  the  advanced  M-61  gun,  reclining  seat  for 
higher  acceleration  tolerance  for  the  pilot,  etc. 

Analytical  and  statistical  methods  are  used  to  develop  subsystem  weights. 
System  concepts  are  approximated;  i.e.,  hydraulic,  electrical  groups  and  the 
weight  estimates  are  based  on  these  design  concepts.  The  equipment  subsystem 
weights  for  the  composite  and  the  metal  configuration  are  the  same  except  for 
flight  control  system.  The  larger  size  of  tne  metal  configuration  is  reflected 
in  the  actuation  system  weight  as  shown  in  the  flight  control  system  discussion. 


Instrument  Group 

The  group  includes  the  weight  of  four  functional  groups.  These  are  the 
flight,  engine,  fuel  quality,  and  the  miscellaneous.  Each  group  includes  the 


indicators,  transmitters  and  amplifiers,  and  installation  weights.  The  total 
system  weights  are  listed  as  follows: 


Item  Weights  (lb) 

Flight  Instruments  (42) 

Indicators  22 

Transmitters  and  Amplifiers  10 

Installation  10 

Engine  Instruments  (30) 

Indicators  5 

Transmitters  and  Amplifiers  20 

installation  5 

Fuel  Quantity  (30) 

Indicators  5 

Transmitters  and  Amplifiers  10 

Installation  15 

Miscellaneous  (18) 

Indicators  4 

Transmitters  and  Amplifiers  6 

Installation  8 

Total  Instrument  Group  120.0 


Emergency  Power  Unit 

The  emergency  power  system  is  sized  to  provide  10  minutes  of  continuous 
power  to  drive  a  hydraulic  pump  and  an  ac  generator  in  the  case  of  failure  of 
the  primary  hydraulic  or  electrical  system.  The  emergency  system  uses  a  mono¬ 
fuel  (hydrazine)  and  requires  less  complex  installation  than  a  conventional 
APU.  A  total  of  120  pounds  was  estimated,  as  detailed  in  the  next  paragraph. 


EPU  (30-shaft  horsepower)  70 
Controls  5 
Generator  Drive  Pad  9 
Hydrazine  Tank  and  Plumbing  20 
Equipment  Support  16 


Total  EPU 


120.0  lb 
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Fuel  (hydrazine)  required  is  60  pounds  based  on  fuel  consumption  rate  of 
o  pounds/min  for  10  minutes.  The  hydrazine  weight  is  included  in  useful  load. 


Hydraulic  Group 

rwo  completely  independent,  continuously  operating,  4000  PS I  systems  are 
provided.  Each  system  consists  of  two  variable -delivery  pressure -compensated 
pumps,  one  bootstrapped  reservoir,  filters  on  pressure  and  return  side,  valves, 
heat  exchanger,  and  plumbing.  Each  pump  is  mounted  on  separate  engine-driven 
gearboxes  such  that  failure  in  either  pump  or  an  engine  will  not  result  in 
complete  loss  of  that  system.  The  pumps  operate  on  master-slave  concept, 
wherein  the  master  pump  supplies  the  normal  demand  and  peak  flow  demand  will 
tv:tivate  the  slave  pump.  An  emergency  system  is  provided.  The  emergency 
pump  is  driven  by  the  monopropellant  emergency  power  unit  (MF.PU)  and  is 
capable  of  delivering  up  to  10  gpm. 

Each  system  is  sized  to  provide  50  percent  of  the  hydraulic  loads.  One  of 
the  systems  (system  No.  1)  will  provide  hydraulic  power  to  all  functions.  Sys¬ 
tem  No.  2  will  provide  power  to  all  functions  except  for  inflight  refueling 
and  nose  gear  extend/retract  cylinder.  The  revolving  M-61  gun  is  brought 
up  to  speed  with  two  system-supplied  hydraulic  motor  pumps  driving  through 
a  differential  gearbox.  The  peak  hydraulic  flows  for  the  functions  are 
listed. 


Functions 

Peak  Flow  (gpm)/Sys 

No.  of  Sys 

Inflight  Refueling 

1.0 

1 

Canard 

2.0 

1  5  2 

Nose  Gear 

1.0 

1 

Gun  Drive 

14.0 

15  2 

Weapon  Bay  Door,  Fwd 

1.0 

1  5  2 

Weapon  Bay  Door,  Aft 

1.0 

1  5  2 

Main  Gear 

3.0 

1  f,  2 

Leading  Edge 

5.0 

1  5  2 

Trailing  Edge 

3.0 

1  5  2 

Ailerons 

5.0 

1  6  2 

Aft  Weapons  Bay  Doors 

1.0 

1  5  2 

Plug  Nozzle  Movable  Flap 

13.0 

1  5  2 

Plug  Nozzle  Thrust  Vector 

24.0 

1  5  2 

System  Internal  Leakage 

3.0 

1  5  2 
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The  pimps  are  sized  to  15  gpm  each.  The  primary  flight  control  system 
are  duty  cycled  to  a  2/3  peak  flow  value.  Full  flow  on  nozzle  flaps  and 
internal  leakages  was  added  to  the  primary  flight  control  flow.  Titanium 
lines  are  used  s/ith  welded  or  brazed  joints.  The  lines  are  sized  for  a 
flow  velocity  of  25  ft/sec  (reference  12).  Other  components  such  as 
reservoirs,  filters,  and  accumulators  are  sized  according  to  methods  showm 
in  Reference  13.  The  pumps  are  in-line  piston  type.  Fluid  volume  and  weights 
are  based  on  MIL-H-5606  fluids. 

The  two  primary  systems  and  the  emergency  system  estimated  weights  are 
listed  as  follows: 


Components 


System  1 


Weights  (lb) 
System  2 


Pumps 

18 

18 

5.5 

Reservoirs 

14 

14 

8 

Filters 

5.9 

5.9 

5.4 

Accumulator 

— 

10.0 

— 

Heat  Exchangers 

7.0 

7.0 

— 

Controls 

8.0 

8.0 

.  4-° 

Distribution  Lines 

37.0 

40.0 

15.0 

Fittings 

15.0 

16.0 

6.0 

Supports 

10.0 

10.0 

5.0 

Fluids,  Lines 

30.0 

32.0 

14.0 

Fluids,  Heat  Exchanger 

7.0 

7.0 

— 

Fluids,  Accumulator 

— 

3.0 

— 

Fluids,  Reservoir 

9.0 

9.0 

3 

Equipment  Supports,  Mi  sc 

9.1 

10.1 

4.1 

Total  System 

170.0 

190.0 

70.0 

Hydraulic  Group  Weight 


430.0  lbs. 


Hlectrical  System 

The  electrical  system  consists  of  two  115/208  volts,  400  CPS  ac  systems. 
Each  system  will  supply  adequate  power  in  case  of  failure  of  one  of  the 
generating  system.  An  MEPU-driven  generator  system  is  provided  to  supply 
essential  powers  during  complete  loss  of  the  two  primary  systems.  A  5.7  AH 
battery  is  provided  to  supply  electrical  power  when  neither  the  main  engines 
nor  the  MEPU  is  running. 


The  following  is  the  estimated  load  for  the  ADCA. 


Instruments 

1000 

Hydraulics 

500 

Furnishings 

500 

3000W 

Env.  Control 

500 

Flight  Controls 

500 

Armament  (dc) 

fi ring  ci rcuit 

150 

clearing  can 

785 

1000VA 

bomb  eject  5  rnisc 

65 

Fuel  System 

2340W 

Load  based  on  1  boost 
and  1  transfer  pimp 
operating  simultaneously 

Avionics 

22.950VA 

Idle  load  is  based  on 
1600  lb  of  avionics. 

Current  system  weight 
is  1000  lb.  The  expected 
load  reduction  was  not 
included  at  this  time. 

The  generator  sire  is  based  on  the  following  assumed  factors: 


Equipment  power  factor 

0.8 

Fuel  pump  power  factor 

0.6 

System  growth 

2.0 

Generator  efficiency 

0.85 

Generator  size  -  (3000  ■*  2340  +  22,950  +  1000) 

0.8  0.60 

x  2  =  37117VA  a  40  KVA/GEN 

2  x  .85 

The  total  system  weight  is  listed  in  the  following  paragraph.  The  gen¬ 
erators  are  the  integrated  drive  generator  type. 
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Item 


Weights  (lb) 


40  KVA  IDG  generators  (2)  162 
T/R  Units  20 
Battery  (MA50CH)  15 
Generator  Controls  8 
Line  Contractors  9 
Emergency  system  generator  15 
Emergency  system  gen.  control  5  contractor  9 
Distribution  system  340 
Lights  and  signal  devices  60 
Equipment  supports  30 
Miscellaneous  6  supports  12 


Total  680 


Avionics  System 


The  system  weight  of  1000  pounds  of  equipment  was  specified  by  the 
customer.  It  is  assumed  that  the  equipment  included  are  COMM/NAV  system, 
computation,  IFF,  weapon  release,  store  management,  controls  and  displays, 
penetration  aids,  and  missionized  equipments.  Acoustic  and  thermal  protection 
provisions  for  the  tail  defense  avionic  bays  are  included. 


The  weights  are  summarized  as  follows: 


Item 


Weights  (lb) 


Equipment  1000.0 
Installation  270.0 
Acoustic  provision  80.0 


Total  System  1350.0 


Armament  System 

The  armament  group  weight  consists  of  M-61  ammunition  storage  and  missile 
and  bomb  carriage.  The  provisions  are  hardpoint  fitting  assembly,  wiring,  wire 
bundle  supports,  and  equipment  supports.  The  M-61  gun  installation  weight 
includes  gun- firing  provisions,  ammunition  storage  drum,  the  hydraulic  drive 
system,  gun  gas  purging  system,  and  blast  tubes  and  plates.  The  gun,  ammuni¬ 
tion,  missiles  and  bombs  will  be  listed  under  useful  load.  TTie  weapon  release 
and  store  management  system  weights  are  assumed  to  be  in  avionics  weights. 
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M-61  storage  and  drive  system 


Item  Weights  (lb) 


Drums,  single  ended  140 
Peed,  chutes,  and  mechanism  85 
Drum  supports  17 
Gun  drive  ?8 
Purging  and  blast  protection  40 

Total  310 


Agile- type  missile  system 


Hardpoint  10 
Wiring  §  supports  10 
Missile  racks  40 

Total  60 

Guided  Bombs 

Hardpoints  20 
Wiring  and  supports  15 
Racks  70 


Total  105  lbs 

Conformal  rack  provision  65  lbs 


The  wiring  and  logic  integration  provision  into  the  weapon  management 
system  is  estimated  at  20  pounds. 

The  armament  weight  is  summarized  as  follows: 


Item 

Weights 

M-61  gun  system 

310 

Agile-  type  missile  prov. 

60 

Guided  Bombs 

105 

Additional  hardpoints 

65 

Weapons  Mgm’t  System  prov. 

20 

Total 

560 
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Furnishing  Group 

The  furnishing  group  consists  of  personnel  accommodation,  miscellaneous 
equipment,  furnishings,  and  emergency  equipment.  The  weights  are  based  on 
comparison  to  current  aircraft  and  also  to  current  in-house  studies  on  high- 
acceleration  cockpits.  The  system  weights  are  summarized  as  follows: 

Item  Weights  (lb) 


Personnel  Accommodation  (228) 

Seat  Structure  109 

Survival  gear,  parachute  57 

Non  ejectable  seat  provisions  23 

Relief  tube  2 

5  liter  Cb  system  with  LOX  37 

Miscellaneous  Equipment  (54) 

Data  case  1 

Rear  view  mirror  1 

Rain  removal  system  7 

Windshield  wash  15 

Instrument  panels  15 

Consoles  15 

Furnishing  (15) 

Trim  5 

Acoustic  8  insulation  10 

Emergency  equipment  (23) 

Fire  detection  9 

Fire  suppression  14 

Total  Furnishing  Group  320 


Environmental  Control  System 

Two  bootstrapped  turbo -compressor  units  utilizing  engine  bleed  air  are 
provided  for  the  heating  and  cooling  requirements.  The  primary  heat  sink  is 
ram  air.  Ram  air  scoops  and  valves  are  provided  for  emergency  cooling  and 
ventilation  for  the  cockpit  and  equipment  compartments . 
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The  estimated  weight  is  listed  as  follows: 

Item 


Weights  (lb) 


Bleed- Air  System  (179) 

Pressure  regulator  §  S.O.  valves  48 

Check  valve  6 

Bypass  valve  5 

Primary  heat  exchanger  70 

IAicting  and  supports  50 

Refrigeration  System  (280) 

Refrigeration  units  (2)  65 

Water  separators  15 

Valves  20 

Controllers,  cockpit  5 

Controllers,  Fwd  Bay  5 

Controllers,  Mid  Bay  15 

Controllers,  AFT  5 

Controllers,  Wing  10 

Ducting  60 

Supports  15 

Cabin  S.O.  Valve  5 

Cabin  pressure  regulator  10 

Pressurization  and  sealing  (70) 

Miscellaneous  (36) 

Anti- Ice  Provision  (15) 

Total  System  530 


Flight  Controls 

A  3- channel  fly-by-wire  (FBW)  flight  control  system  with  a  4000  PSI 
hydraulic  system  power  supply  is  included.  The  electrical  power  supply 
consists  of  three  transformer  -  rectifier  (T/R)  units  and  batteries  each. 

Pilot  controls  consist  of  a  side  stick  and  rudder  pedals. 

The  weight  estimates  for  the  cockpit  (pilot's)  control  and  the  automatic 
TLight  control  system  are  based  on  extensive  Rockwell  International's  in-house 
studies ,  such  as,  Advanced  Fighter  Technology  Integration  (AFTI) ,  and  the 
Highly  Maneuverable  Technology  (HiMAT)  Programs. 


80 


11  i  mi  in.,... 


TTie  system  weight  is  summarized  as  follows: 


Item 

Cockpit  Controls 
Side  stick 
Supports 
Rudder  pedals 
Supports 
Bungee 

Automatic  Flight  Controls 
Sensors 

Rudder  pedal  transducers 

Digital  computer 

Data  adapter 

CAS  computer 

Control  §  display  panel 

Supports 

T/R  Units 

Batteries 

Wiring 

Actuation  System 
Aileron 

Flaps,  trailing  edge 
Flaps ,  leading  edge 
Canard 


Metal 

D572-5A 

(45) 

14 

6 

12 

8 

5 

(265) 

13 

3 

19 

22 

35 

6 

19 

26 

62 

60 

(695) 

200 

85 

330 

80 


Total  System 


1005 


Composite 

D572-4B 

(45) 

14 

6 

12 

8 

5 

(265) 

13 

3 

19 

22 

35 

6 
19 
26 
62 
60 

(520) 

175 

75 

205 

65 

830 


Load  and  Handling  Group 


A  weight  allocation  of  5  pounds  was  used  for  jacking  and  tiedown  fittings. 


MISSION  AND  DESIGN  TRADE  STUDIES 
Sensitivities  Studies 


The  sensitivity  and  trade  studies  perfoimed  on  the  composite  airplane 
were  based  upon  the  D572-4B  selected  vehicle.  The  reference  takeoff  gross 
weight  for  the  vehicle  was  31,303  pounds.  8 
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The  sensitivity  and  trade  studies  performed  on  the  metallic  airplane  were 
based  upon  the  D572-SA  selected  vehicle.  The  reference  takeoff  gross  weight 
from  sizing  the  vehicle  to  the  design  mission  was  computed  to  be  35,108  pounds. 


Deadweight  Sens i t i v i ty 

The  purpose  of  this  sensitivity  study  was  to  establish  the  payload  effects 
on  the  aircraft  mission  radius  and  takeoff  gross  weight.  The  appropriate 
metallic  and  composite  selected  vehicles  served  as  the  trade  basepoints.  The 
sensitivity  study  was  first  conducted  with  the  takeoff  gross  weight  held  con¬ 
stant  and  the  mission  radius,  the  variable,  and  secondly,  the  vehicle  was  sized 
to  the  mission  with  takeoff  gross  weight  being  the  fallout.  Figure  39  shows 
the  deadweight  sensitivity  for  the  composite  and  metallic  aircraft.  The  fixed 
fuel  decrement  caused  by  a  deadweight  increment  results  in  a  substantially 
higher  percentage  of  cruise  fuel  less  for  the  composite  vehicle  and,  in  turn, 
in  a  higher  radius  sensitivity.  The  metallic  aircraft  growth  factor  is  1.42. 


Zero -Li ft -Drag  Sensitivity 

The  zero-lift-drag  sensitivity  study  was  conducted  by  adding  a  constant 
10  and  20  counts  of  drag  for  all  mach  numbers  to  the  selected  basepoints.  As 
in  the  previous  trade,  the  performance  was  computed  for  a  fixed  takeoff  gross 
weight  with  radius  as  the  fallout  and  for  a  fixed  mission  radius  with  gross 
weight  as  the  fallout.  Figure  40  illustrates  the  zero-lift-drag  sensitivity 
trades  for  the  composite  vehicle  and  for  the  metallic  aircraft. 

Considering  the  metallic  aircraft,  the  addition  of  20  counts  of  drag  at 
a  fixed  gross  weight  results  in  a  40 -nautical -mile  decrease  in  the  vehicle 
radius.  For  a  fixed  radius  mission,  20  counts  of  drag  causes  the  gross 
weight  to  grow  by  910  pounds. 

The  effect  of  20  counts  of  drag  on  the  composite  aircraft  resulted  in 
40  nautical  miles  for  constant  weight  and  510  pounds  for  fixed  radius. 


Thrust  Sensitivity 

The  effect  of  varying  the  thrust  multiplications  factor  for  the  composite 
and  metallic  aircraft  is  shown  in  Figure  41  for  a  fixed  takeoff  gross  weight 
and  a  fixed  mission  radius.  For  the  composite  vehicle,  the  effect  of  a  thrust 
multiplication  factor  of  0.95  upon  the  takeoff  gross  weight  is  380  pounds  for 
a  fixed  radius  and  the  same  factor  on  a  fixed  weight  costs  20  nautical  miles 
radius.  A  thrust  multiplication  factor  of  0.95  causes  the  takeoff  gross 
weight  of  the  metallic  airplane  to  grow  by  570  pounds.  The  same  factor  applied 
to  a  fixed  gross  weight  vehicle  reduces  the  mission  radius  by  20  nautical  miles. 
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Figure  39,  Deadweight  trade 
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Figure  40.  Drag  sensitivity 
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Vehicle  Geometry  Trade  Studies 

Aspect  ratio,  sweep,  and  thickness  trades  were  conducted  on  the  selected 
basepoint  vehicles,  and  the  results  of  these  trades  were  used  to  establish  the 
next  level  of  refinement  in  the  design  process. 

The  battlefield  mission  radius,  ferry  mission  range,  takeoff  distance  and 
selected  Ps  points  were  also  tracked  to  aid  in  the  selection  process.  The 
trade  studies  for  the  composite  aircraft  are  shown  in  Figures  42,  43  and  44 
and  the  trades  for  the  metallic  airplane  are  shown  in  Figures  45,  46  and  47. 

Figures  48,  49,  50,  and  51  present  the  alternate  capability  of  the  compos¬ 
ite  aircraft  and  Figures  52,  53,  54,  and  55  are  the  metallic  airplane  alternate 
capability. 


Sunmary 

This  section  presents  results  and  recommendations  from  the  previously 
discussed  mission  and  design  trade  studies,  and  defines  the  resulting  aircraft 
to  be  used  in  task  II  studies.  Additionally,  recommendations  relative  to 
future  fighter  systems  are  made  and  discussed. 

Mission  trades  made  relative  to  total  mission  radius  by  varying  both  sub¬ 
sonic  cruise  distance  and  penetration/egress  distance  independently  while  hold¬ 
ing  the  other  leg  constant  showed  that  an  increase  in  either  distance  is  not  a 
large  driver  in  vehicle  weight-  Because  of  this,  and  to  facilitate  comparison 
with  earlier  vehicles,  no  change  in  design  mission  definition  is  recommended 
for  the  remainder  of  the  ADCA  contractual  study.  Useful  data  obtained  from  -4 
and  -4A  vehicle  studies  is  thus  nearly  directly  comparable  with  the  -4B  and 
-4C  studies.  Additionally,  the  difference  in  growth  factor  between  the  two 
vehicles,  metallic  and  composite,  would  merely  show  increases  in  the  benefits 
of  composites  which  are  already  demonstrated. 

The  recommendation  for  a  future  fighter  vehicle  would  be  to  increase  the 
potential  of  the  aircraft  as  much  as  possible  to  provide  maximum  versatility 
on  alternate  mission  radii  and  stores  loadings.  For  this  reason,  the  mission 
radius  should  be  increased  to  600  nautical  miles  total  with  300  nautical  miles 
of  acceleration  and  supersonic  cruise. 

The  penetration  mach  nunber  trade  exhibits  the  same  trend  as  the  radius 
trades  and  the  same  reasoning  was  applied;  i.e.,  no  change  for  the  ADCA  study 
with  increases  recommended  for  a  future  fighter  system. 
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Thickness  trade,  composite  aircraft. 


70  PSF 


Figure  44.  Aspect  ratio  trade,  composite  aircraft 
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Figure  53.  Alternate  capability. 
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Composite  Aircraft 

The  selection  of  the  task  II  composite  aircraft  baseline  D572-4C  was  made 
based  upon  the  results  of  the  trade  studies.  The  primary  driving  factor  in  the 
selection  of  the  -4C  vehicle  was  takeoff  gross  weight.  The  premise  being  that 
the  lighter  aircraft  costs  less.  The  secondary  factor  in  the  selection  process 
was  the  design  and  alternate  mission  requirements.  The  lighter  airplanes  favor 
the  selection  of  higher  wing  loadings,  lower  sweeps,  and  lower  aspect  ratios. 
The  alternate  capability  further  constrains  the  selection  indicating  a  prefer¬ 
ence  of  the  80  PSF  wing  loading  and  60- degree  sweep.  The  takeoff  and  landing 
and  Ps  are  within  the  desired  requirements.  An  aspect  ratio  of  3.0  was  chosen 
since  it  favored  the  lower  takeoff  gross  weight  and  more  mission  requirements 
could  be  attained.  A  thickness  ratio  of  5.0  percent  was  selected  for  the  -4C 
aircraft.  A  4-percent- thick  wing  was  attainable  at  severe  weight  penalty  and 
the  6-percent  wing  was  determined  to  have  a  high  wave  drag  decrement.  The 
5-percent  wing  represented  the  best  conpromise  in  the  task  II  study  composite 
aircraft. 

Figure  56  illustrates  the  task  II  D572-4C  composite  aircraft  baseline. 


Metallic  Aircraft 

In  a  similar  selection  process  as  described  for  the  composite  aircraft, 
the  task  II  baseline  metallic  aircraft  D572-5B  was  chosen.  However,  the  most 
important  distinction  in  the  method  of  selecting  the  metallic  aircraft  was  that 
it  was  chosen  such  that  its  performance  would  be  as  nearly  identical  to  that  of 
the  conposite  aircraft  as  practicable. 

Figure  57  shows  the  metallic  aircraft  baseline. 
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Figure  56.  All-composite  baseline  configuration  D572-4C. 
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Section  III 


AERODYNAMICS 


SUPERCRUISLR  CONCEPT  DEFINITION 

The  aerodynamic  goal  that  has  led  to  a  definition  of  the  supercruiser 
concept  is  to  reduce  trimmed  supersonic  drag  to  a  level  which  allows  efficient 
(i.e.,  dry  power)  supersonic  cruise  while  maintaining  competitive  levels  of 
transonic/subsonic  maneuverability.  To  achieve  this  goal,  a  configuration 
must  be  designed  having  low  wave  drag,  low  base  drag,  low  skin  friction  drag, 
and  low  trim  drag.  The  wave  drag  can  be  minimized  by  use  of  high  fuselage 
fineness  ratio,  high  wing  sweep,  and  by  blending  these  components  together 
such  that,  at  the  supersonic  cruise  design  mach  number,  the  flow  is  subcriti- 
cal  over  most  of  the  vehicle  except  for  a  small  region  near  the  plane  of 
symmetry.  The  base  drag  can  be  reduced  by  use  of  properly  designed,  two- 
dimensional  nozzles.  Skin  friction  drag  can  be  minimized  by  deletion  of 
conventional  tail  surfaces  and  of  separate  engine  nacelles  and  pylons.  Low 
skin  friction  drag  results  from  deletion  of  high  Reynolds  number,  short-chord 
horizontal  and  vertical  tails  from  use  of  high  fineness  ratio  components  with 
low  form  factors,  and,  to  a  lesser  extent,  from  reduced  total  wetted  area. 

Low  trim  drag  can  be  achieved  by  varying  the  longitudinal  stability  with  a 
canard  control  system  which  retracts  into  the  fuselage. 


This  concept  definition  has  led  to  the  configurations  shown  in  Figures 
4  and  5  in  Section  II.  Curved-up  wingtips  provide  lateral-directional  stabili¬ 
ty.  Trailing  edge  elevons  provide  longitudinal,  lateral,  and  directional 
trim  and  control.  Longitudinal  control  is  augmented  by  a  variable-stability 
canard  and  by  vectorable  two-dimensional  jet  nozzles.  Lateral  control  is 
augmented  by  differentially  vectorable  two-dimensional  nozzles.  The  sweep 
and  curvature  of  the  wing  planform  have  been  selected  to  maintain  effective 
subsonic  flow  characteristics  at  the  design  supersonic  cruise  speed.  This 
means  that  the  transonic  aerodynamic  center  shift  is  less  than  for  conven¬ 
tional  trapezoidal  wings  of  lower  sweep.  However,  the  transonic  aerodynamic 
center  shift  that  does  occur  can  be  trimmed  out  by  partial  extension  of  the 
canard  so  that  trim  drag  can  be  reduced  to  very  low  levels. 


CHALLENGES  OF  SUPERCRUISER 

During  initial  aerodynamic  development  of  the  supercruiser  concept,  sev¬ 
eral  aerodynamic  challenges  have  been  identified  as  requiring  careful  atten¬ 
tion  to  insure  that  the  supercruiser  will  meet  its  aerodynamic  goals:  (1) 
achievement  of  low  wave,  base,  skin -friction,  and  trim  drags  for  efficient 
supersonic  cruise,  (2)  effective  use  of  vortex  lift  and  jet  vectoring  for 
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subsonic/ transonic  maneuvering,  with  particular  attention  to  trim  and  control- 
ability,  (3j  achievement  of  satisfactory  lateral -directional  control  during 
clinibout  after  takeoff  and  during  approach  for  landing,  and  (4)  design  of  a 
variable  camber  wing  to  achieve  substantial  leading  edge  suction  at  alternate 
cruise  points. 


BASK  POINT  AERODYNAMIC  DATA 


Supersonic  wave  drag  levels  have  been  calculated  for  the  all-composite 
(D572-4B)  and  advanced  metallic  (D572-5A)  baseline  configurations  using 
available  Rockwell/LAAD  computer  programs  described  in  Reference  1.  Subsonic 
drag  rise  for  these  twro  baseline  configurations  was  estimated  by  application 
of  NACA  free- flight  data  and  correlations  available  in  References  2  and  3. 

The  resulting  curve  of  wave  drag  versus  mach  number  is  shown  in  Figure  58  for 
the  -4B  and  in  Figure  59  for  the  -5A  configurations.  The  drag-due-to-lift 
curves  presented  in  Figure  60  apply  to  both  the  -4B  and  -5A  configurations 
and  have  been  calculated  using  the  FA475  computer  program,  which  is  an  adapta¬ 
tion  of  the  NASA  Ames  Woodward  panel  program  and  is  described  in  Reference  4. 
These  calculations  assume  that  the  wings  can  be  twisted  and  cambered  to 
achieve  a  leading-edge  suction  of  90  percent  of  that  theoretically  available. 
The  takeoff  and  landing  lift  and  drag  curves  shown  in  Figure  61  are  based  on 
low-speed  wind-tunnel  test  data  available  in  References  5  and  6.  Tljese  take¬ 
off  and  landing  curves  apply  to  both  the  -4B  and  -5A  configurations. 

The  baseline  stability  and  control  data  to  be  presented  here  have  been 
worked  up  for  the  all-composite  aircraft  (-4B).  Aerodynamic  center  and  lift 
curve  slope  are  shown  in  Figure  62  versus  mach  number  for  the  rigid  airframe. 
Comparable  lateral  and  directional  stability  derivatives  Cn^  and  C-j^  are 
shown  in  Figure  63. 

A  tabulation  of  rigid  stability  derivatives  for  a  six- degrees -of- freedom 
rigid  airframe  maneuver  is  included  in  Table  7.  Flexible  derivatives  are 
shown  in  Figures  64  through  70;  whereas,  flexible-to-rigid  ratios  are  shown 
in  Figures  71  through  78.  These  preliminary  flexible  data  are  based  on  a 
simple  stick  model  without  twist,  camber,  thickness,  or  weight,  but  with 
sweep.  Tabulation  of  flexible  stability  derivatives  for  six- degrees -of- 
freedom  analyses  are  included  ir  Tables  8,  9,  and  10. 

A  review  of  the  wind  tunnel  data  and  theoretical  computation  basis  for 
these  D572-4B  baseline  aerodynamic  data  is  presented  in  Reference  8.  Compar¬ 
isons  between  the  measured  NASA  supersonic  test  data  of  Reference  7  and  LAAD 
theoretical  computations  are  presented  and  discussed  in  Reference  9.  Results 
of  six-degrees-of-freedom  dynamic  studies  are  reviewed  in  Reference  10. 
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Figure  60.  Advanced  design  composite  and  all-metal  aircraft  -  D572-4B  and  -5A 


Takeoff  and  landing  longitudinal  characteristics  -  D572-4B  and  5A. 
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Figure  63.  Variation  of  lateral-directional  characteristics  with  mach 

number  -  D572-4B  rigid. 


CYp  = 

cjp  - 

0.C532 
-  0.0006 
-  0.00780 
0.00230 
-0.00520 

%  r 

&  : 
v  - 

rr  -- 
C£P 

4.162 

0.1575 

0.1576 

Q. 1724 

0.2884 

C,  : 

Lo 

0.205  Cn 

uo 

:  0.0158  CM  :  -0.0112 

‘a=  0° 

£dii  °-197 

CL2 

CI 

r  6f 

in6f 

=  0.01914 

=  -0.01115 

CY  (dif)  =  Q.Q0Q486 

6f 

Cnfi  (dif)  =  -0.000210 
Cjj^(dif)  =  +-0,001335 

C  c 

«  0.006368 
=  0.01841 

=  0.009917 

Full 

extension  Cy 

C  or  _ 

Outboard  rn$r 

wing  flaps  *5r 

0.003062 

-0.001455 

0.001124 

8r  -  (-« 

fOTBD  RICHT  +6f0TBD  LEFT"'  /2 

6f  (dif) 

H  A 

flNBD  RIGHT  £INBD  LEFT 

6f:  SfINBD  RlfflT  Siraultme°us  with  6fINBD  LEFT 

IWIHSii 


:;»hhi 


WITHOUT  TWIST,  CAMBER,  THICKNESS,  OR  WEIGHT, 

WITH  SWEEP  (STICK  MODEL)  STRUCTURAL  INFLUENCE  COEFFICIENT 


Figure  64.  D572-4B  lift  and  drag  variation  with  q 
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Figure  65.  D572-4B  longitudinal  stability  variation  with  q 
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Figure  66.  D572-4B  lateral  stability  variation  with  q 
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Figure  67.  D572-4B  longitudinal  effect  of  rudder  deflection 

variation  with  dynamic  pressure. 
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Figure  68.  D572-4B  lateral  effect  of  rudder  deflection  variation  with  q. 
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Figure  69.  D572-4B  pitch  and  roll  rate  variation  with  dynamic  pressure 
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Figure  72.  Ratio  of  flexible  to  rigid  side  force  coefficient  and  yawing 

moment  coefficient  due  to  sideslip  variation  with  dynamic  pressure. 
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Figure  73.  Ratio  of  flexible  to  rigid  rolling  moment  coefficient 
due  to  sideslip  variation  with  dynamic  pressure. 
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Figure  74.  Ratio  of  flexible  to  rigid  pitching  moment  coefficient 
due  to  pitch  variation  with  dynamic  pressure. 
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Figure  75.  Ratio  of  flexible  to  rigid  sideforce  coefficient  due  to  roll 
and  yaw  and  lift  coefficient  due  to  yaw  variation  with  dynamic  pressure. 
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Figure  76.  Ratio  of  flexible  to  rigid  roll  and  yawing  moment 
coefficient  due  to  roll  variation  with  dynamic  pressure. 
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Figure  77.  Patio  of  flexible  to  rigid  roll  and  yawing  moment 
coefficient  due  to  yaw  variation  with  dynamic  pressure. 
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Figure  78.  Ratio  of  flexible  to  rigid  rolling  and  yawing  moment  coefficient 
due  to  deflected  aileron/rudder  variation  with  dynamic  pressure. 
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TRADE  STUDY  AERODYNAMIC  DATA 


Variations  in  supersonic  wave  drag  levels  with  changes  in  wing  area, 
aspect  ratio,  wing  leading  edge  sweep,  and  wing  thickness  ratio  have  been  cal¬ 
culated  using  available  Rockwell/LAAD  computer  programs  (Reference  1).  Vari¬ 
ations  away  from  the  all-composite  baseline  D572-4B  are  shown  in  Figures  79 
through  85;  whereas,  variations  away  from  the  advanced  metal  baseline  D572-5A 
are  shown  in  Figures  86  through  92.  Similar  variations  in  drag-due-to-lift 
and  lift  curve  slope  are  graphed  in  Figures  93  through  96  as  given  by  the 
FA475  computer  program  (Reference  4).  These  aerodynamic  data  are  used  in  the 
trade  studies  just  described  in  Section  II. 
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Figure  84.  D572-4B  configuration 


Figure  88.  D572-5A  metal  configuration 
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Figure  93.  Multiplying  factor  for  drag  due  to  lift  -  AR=2.5 


Figure  94.  Multiplying  factor  for  drag 


Section  IV 


STRUCTURE  STUDIES 


INTRODUCTION  AND  SUMARY 


The  structures  development  for  the  ADCA  conducted  during  the  first 
task  of  this  program  consists  of  the  following  subtasks: 

•  Aircraft  Structural  Integrity  Program  (ASIP)  Master  Plan 

•  Design  Criteria  and  Requirements 

•  Materials  Selection 

•  Composite  Application  Trade  Studies 

•  All-Conposite  Baseline  Structure 

•  Advanced  Metallic  Baseline  Structure 

These  tasks  represent  a  logical  sequence  in  the  definition  of  the  optimum 
structure  for  an  all-composite  fighter  and  in  the  determination  of  the  cost- 
effectiveness  of  this  fighter  in  relation  to  an  advanced  metallic  fighter 
designed  for  the  same  mission.  The  ASIP  Master  Plan  serves  as  the  guide  for 
the  necessary  steps  in  the  airframe  structural  definition.  The  criteria  and 
requirements  define  the  conditions  which  are  used  for  the  establishment  of  the 
loads  and  environment  of  the  airframe.  From  these  conditions  the  candidate 
materials  can  be  selected  and  trade  studies  on  key  structural  areas  conducted. 
The  baseline  composite  airframe  shown  in  Figure  97  is  the  result  of  the  trade 
study  results.  Although  cost  trades  were  not  conducted  for  the  all-metal 
baseline  structure,  previous  studies  for  the  advanced  tactical  fighter  and  the 
B-l  strategic  bomber  have  been  used  extensively  for  this  structural  arrangement. 


DESIGN  CRITEklA  AND  REQUIREMENTS 
DESIGN  WEIGHTS 

Table  11  summarizes  the  design  weights  and  centers  of  gravity  data  for 
each  vehicle.  The  definition  of  flight  design  weight  is  basic  mission  take¬ 
off  weight  less  20  percent  of  mission  required  fuel.  The  definition  of  land¬ 
ing  design  weight  is  basic  mission  takeoff  weight  less  60  percent  of  mission 
required  fuel.  Maximum  design  weight  is  defined  as  four  MK-84  LGB  (GBU-10C/B) 
(2  internally  carried  and  2  externally  carried),  full  ammo,  self-defense 
missiles  and  full  internal  fuel.  The  basic  mission  takeoff  weight  does  not 
include  ammo  and  self-defense  missiles  b\  t  the  next  configurations  (D572-4C, 
D572-5B)  which  results  from  the  vehicle  sizing  study  include  ammo  and  self- 
defense  missiles.  Section  II  contains  the  weight  summary  breakdown  and  center 
of  gravity  data  for  each  vehicle. 


^ OUTER  WING  PANEL 
GRAPHITE/EPOXY  WITH  FULL-DEPTH  H/C 
CORE 


Figure  97.  Advanced  composite  basepoint  structure. 


TABLE  11.  VEHICLE  DESIGN  WEIGHTS  AND  CENTER  OF  GRAVITY 


Composite  Vehicle  (D572-4B) 

Description 

Weight  (Pounds) 

Center  of  Gravity 
(Fus.  Sta.) 

Flight  Design 

29,562 

510.9 

Landing  Design 

26,822 

509.3 

Maximum  Design 

41  ,772 

502.5 

Metal  Vehicle  (D572 

-5A) 

Flight  Design 

33,809 

509.2 

Landing  Design 

30,658 

510.1 

Maximum  Design 

41,297 

512.6 

LOADS 


Four  symmetrical  flight  conditions  were  selected  to  represent  a  sample 
of  the  ADCA  load  requirements.  These  conditions  at  flight  design  gross 
weights  of  the  particular  configuration  are  listed  below. 


Vertical  Condition 


Mach  No. 

Altitude 

Load  Factors 

Canard  Position 

Number 

0.9 

Sea  Level 

8.0 

IN 

3.0 

1.2 

Sea  Level 

8.0 

IN 

1.0 

1.2 

Sea  Level 

-3.0 

IN 

4.0 

1.71 

20,000  ft 

6.5 

IN 

2.0 

A  taxi  condition  at  maximum  design  weight  was  also  included  for  fuselage  loads 
and  is  referred  to  as  condition  five. 

These  conditions  have  been  analyzed  using  programs  newly  developed  under 
IR§D  funds. 


The  new  planar  and  non-planar  load  routines  were  created  to  supply  SWEEP 
input  loads  in  the  conceptual  and  preliminary  design  phases  of  vehicle  design. 


A  modified  version  of  the  Nonplanar  Unified  Distributed  Panel  Wing-Body 
Program  which  is  used  by  the  Rockwell/LAAD  Aerodynamics  group  provides  trimmed 
vehicle  pressure  distributions.  This  program  computes  subsonic  and  supersonic 
aerodynamic  characteristics  of  wing-body  configurations,  surface  pressures, 
load  distributions,  and  total  component  and  configuration  loads.  The  pro¬ 
grammed  procedure  is  based  on  a  constant  source  and  vortex  panel  formulation 
for  thin  bodies  and  interference  shells.  A  surface  source  representation  is 
used  on  the  slender  body  components.  Pressure  distribution  is  normalised  to 
dynamic  pressure  and  based  on  a  trimmed  lift  coefficient  of  one  for  each  mach 
number  condition  under  investigation. 

Three  other  new  programs  were  developed  to  support  this  interface  with 
the  Aerodynamics  group.  The  first  is  a  unit  inertia  program  which  converts 
grid  network  mass  distributions  into  unit  shears,  moments,  and  torques  for 
the  lifting  surfaces  of  a  configuration.  The  second  (Load  Influence  Coeffi¬ 
cient  Program)  converts  the  pressure  distribution  data  into  unit  shears, 
moments,  and  torques  for  lifting  surfaces  and  unit  forebody,  midbody  and  after¬ 
body  fuselage  lift,  ihe  third  (Design  Loads  Program)  converts  the  unit  data 
into  limit  loads  for  the  required  load  factors,  gross  weight,  altitude  and 
dynamic  pressure  consistent  with  mach  number  conditions  for  the  pressure  data. 
These  programs  are  structured  to  provide  SWEEP  with  data  required  for  the 
load  analysis.  SWEEP  is  then  used  to  calculate  net  fuselage  loads  with  the 
option  to  either  calculate  net  lifting  surface  loads  or  accept  input  loads 
data. 


Figures  98  and  99  show  the  assumed  load  reference  axis  used  in  the  wing 
shear,  moment,  and  torque  calculations  for  the  composite  and  metal  configura¬ 
tions.  The  numbers  of  these  figures  represent  the  SWEEP  structural  analysis 
points.  Figures  10G  through  105  show  net  ultimate  rigid  loads  for  the  composite 
wing  outboard  and  inboard  panels.  Likewise,  Figures  106  through  111  present 
the  net  rigid  loads  for  the  metal  wing  outboard  and  inboard  panels.  The  shear 
loads  in  these  figures  are  positive  for  load  up  and  normal  to  the  wing.  The 
bending  loads  are  positive  for  compression  in  the  upper  cover,  while  torque 
is  positive  for  a  leading  edge  up.  These  loads  include  the  effects  of  vertical 
and  side  loads  due  to  the  nonplanar  planform. 

Figures  112  and  113  present  net  ultimate  shear  and  bending  moments  for 
the  composite  fuselage  while  Tables  12  and  13  are  a  tabulation  of  these  same 
loads.  Figures  114  and  115  and  Tables  14  and  15  present  similar  data  for  the 
metal  fuselage.  The  main  difference  between  the  two  sets  of  fuselage  loads  is 
the  number  of  points  assumed  to  react  the  external  wing  loads.  Three  points 
were  assumed  for  the  composite  and  only  two  for  the  metal. 

Canard  loads  for  the  ADCA  were  estimated  by  using  the  airloads  module  of 
SLEEP  with  the  planar  wing  ,iodel  and  trimming  with  the  canard.  This  was  done 
to  expedite  load  analysis.  This  method  gives  conservative  canard  loads.  The 
resulting  exposed  canard  loads  are  listed  in  the  following  paragraphs. 
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Figure  98.  D572-4B  load  reference  axis. 


OF  FUSELAGE 


FUSELAGE  STATION,  INCHES 


BUTTOCK  PLANE,  INCHES 


30  140  150  160  170  180  190  200 

CK  PLANE  ALONG  REFERENCE  AXIS,  INCHES 


D572-4B  outboard  wing  ultimate  shear 
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Figure  101.  D572-4B  outboard  wing  ultimate  bending  moment 
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Figure  102.  D572-4B  outboard  wing  ultimate  torque 
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Figure  103.  D572-4B  inboard  wing  ultimate  shear 
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Figure  104.  D572-4B  inboard  wing  ultimate  bending  moment. 
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Figure  105.  D572-4B  inboard  wing  ultimate  torque 
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Figure  107.  D572-5A  outboard  wing  ultimate  bending  moment 
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Figure  110.  D572-5A  inboard  wing  ultimate  beading  moment 
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TABLE  15.  D572-5A  FUSELAGE  ULTIMATE  SHEARS 


* 


Composite  Vehicle 

(D572-4BJ 

Load  per  Side 

Mach  No. 

Altitude 

Load  Factor 

(pounds) 

1.2 

Sea  Level 

8 

6820 

1.2 

Sea  Level 

-3 

-2558 

Metal  Vehicle  (D572-5A) 

1.2  Sea  Level  8  8104 

1-2  Sea  Level  -3  -3039 

Landing  gear  limit  loads  are  presented  in  Tables  16  and  17  for  the 
composite  and  metal  configuration.  These  loads  were  calculated  by  the  land¬ 
ing  gear  module  of  SWEEP.  They  are  referenced  as  paralleled  and  normal  to 
the  gear  structure. 


DAMAGE  TOLERANCE 

The  damage  tolerance  criteria  established  in  MIL-STD-1530  is  proposed 
for  ADCA.  The  criteria  presented  in  "Durability  and  Damage  Tolerance  Certifi¬ 
cation  Criteria  for  Advanced  Composite  Structures,"  reproduced  in  NA-75-604,  is 
used  as  a  guide. 


SERVICE  LIFE 

The  ADCA  will  be  designed  for  a  service  life  of  10,000  hours. 


MATERIAL  ALLOWABLES 

The  material  properties  for  use  in  the  structural  design  of  ADCA  have 
been  documented  in  TFD-75-766,  "Materials  Properties  Data  for  Preliminary 
Structural  Design/ Analysis  of  Advanced  Design  Composite  Aircraft."  The  data 
have  been  selected  from  sources  including  MIL-HDBK-5B,  AFML  TR  72-232,  and 
the  Advanced  Conposites  Design  Guide.  Cross-ply  properties  have  been  developed 
using  Rockwell's  AC-50  computer  program. 


STRUCTURAL  TEMPERATURES 

A  preliminary  definition  of  the  temperatures  that  the  ADCA  structure 
will  experience  is  presented  to  identify  the  structural  areas  where  potential 
thermal  problems  may  occur.  Two  jioints  in  the  flight  envelope  were  examined. 
The  resulting  steady-state  temperatures  are  shown  in  the  following 
paragraph. 


TABLE  17.  D572-5A  LANDING  GEAR  LOADS 
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Temperature 

Altitude 

ttotal 

TSKIN 

(ft) 

Mach 

(°F) 

(°F) 

20,000 

1.5 

185 

170 

20,000 

1.7 

250 

220 

The  total  tenperature  is  the  temperature  that  will  occur  in  inlet  ducts  and 
on  leading  edges.  The  skin  temperature  will  be  experienced  over  the  external 
surfaces  with  very  little  variations.  For  metal  surfaces  small  gradients  of 
the  temperature  through  the  skins  will  occur.  For  relatively  thick  low  thermal 
conductivity,  composite  materials,  larger  thermal  gradients  will  exist  at  the 
onset  of  heating.  A  transient  temperature  analysis  is  required  to  obtain  these 
gradients . 

The  temperature  of  the  engine  case  is  shown  in  Figure  116. 


MATERIALS  SELECTION 
GUIDELINES 

The  materials  selected  as  potential  candidates  for  the  structural  concepts 
used  in  this  study  were  only  those  considered  to  be  mature  by  1980.  This 
implies  that  the  material  must  not  only  be  in  production  but  that  physical 
properties  and  producibility  data  will  be  available  by  1980. 


COMPOSITES 

Twenty- two  combinations  of  fiber  and  matrix  material  have  been  con¬ 
sidered  for  application  to  ADCA.  These  materials  are  based  on  a  survey 
of  the  potential  materials  which  are  presently  in  use  or  in  development. 

As  shown  in  Figure  117,  the  composites  which  are  judged  to  meet  the  guide¬ 
lines  described  above  are  indicated  by  a  check  (V)  mark  in  the  matrix. 

Other  combinations  which  are  not  expected  to  be  available  by  1980  or  which 
offer  no  advantages  which  would  justify  their  development  are  shown  as  a 
blank.  For  the  Task  I  study,  the  advanced  composites  which  are  shaded  in 
Figure  118  have  been  selected  for  ADCA  applications.  These  are  graphite  (PAN)/ 
epoxy,  graphite  (PAN)/polyimide,  Kevlar/epoxy,  fiberglass/epoxy,  and  quartz- 
polyimide . 


MATRIX 


7 


EPOXY 

✓ 

V 

y/ 

✓ 

y/ 

✓ 

v / 

POLY I MI DE 

V 

y/ 

V 

V 

V 

V 

y/ 

POLYSULPHONE 

V 

y/ 

y/ 

y/ 

ALUMINUM 

y/ 

y/ 

TITANIUM 

✓ 

V 

_ 

Figure  117.  Composite  material  candidates. 


METAL LICS 


The  following  new  aluminum  alloys  have  been  reviewed: 


2024-T81 

2048-T851 

7005-T63 

7049- T73 

7050- T736 
7050-T73651 
7175-T736 
7475-T76 


Sheet  and  Plate 
Sheet  and  Plate 
Sheet  and  Plate 
Die  Forging 
Die  Forging 
Plate 

Die  Forging 
Sheet 


The  selection  of  aluminum  alloys  for  use  on  the  ADCA  metal  baseline  aircraft 
was  based  primarily  on  a  few  key  properties.  For  fuselage  skins  and  lower 
wing  skins  where  the  primary  loads  are  shear  or  tension,  high  fracture  tough¬ 
ness  and  good  tensile  yield  were  dominating  properties,  resulting  in  the 
choice  of  2048-T851  for  these  applications.  This  alloy  has  the  same  toughness 
as  the  2024  series  but  a  20 "percent  higher  yield.  For  upper  wing  skins  or 
fuselage  longerons  where  high  strength  and  good  fracture  toughness  is  required, 
7475-T76  was  selected.  This  material  exhibits  slower  crack  growth  than  7175 
and  7075  with  a  slightly  lower  yield  strength.  For  die  forgings,  7049,  7050, 
or  7175  will  be  used  depending  on  thickness. 
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Among  the  titanium  alloys  considered  are: 


10V  2Fe-3Al 
3AL  8V-6Cr-4Mo-4Zr 
6Al-2Mo-2Cr-2Sn-2Zr- . 25Si 
6A1-4V 

Although  the  first  three  of  these  alloys  have  distinct  advantages  for  special 
applications,  6-4  is  the  titanium  alloy  which  has  most  successfully  demon¬ 
strated  superplasticity  in  Rockwell's  superplastic  forming  process  development. 
Since  the  majority  of  the  titanium  applications  for  the  all-metal  baseline 
airplane  employ  this  unique  process,  6-4  alloy  has  been  selected.  The  alloy 
also  offers  the  promise  of  higher  strength  properties  with  improved,  low- 
distortion  heat  treatment  processes  now  being  developed. 


HONEYCOMB  CORE 

Honeycomb  core  materials  which  were  evaluated  for  ADCA  applications 
include  both  nrftallics  and  composites.  These  are: 

5052  Aluminum  Alloy 
5056  Aluminum  Alloy 
2024  Aluminum  Alloy 

Aluminum  Alloy  ACG  (commercial  grade) 

Nomex 

HRP  Fiberglass/Phenolic 
HRH  Fiberglass/Polyimide 
Graphite/epoxy 
Graphite/Polyimide 

Because  of  the  corrosion  problems  experienced  with  aluminum  core,  its  use 
has  been  limited  to  a  few  applications  on  the  all-metal  airplane.  The  alloy 
selected  is  5056,  which  represents  the  best  compromise  between  cost,  weight, 
and  corrosion  resistance.  For  temperatures  up  to  350°  F,  HRP  fiberglass  is 
used  where  stiffness  is  not  critical.  Graphite/ epoxy  core  is  the  choice  for 
areas  where  a  high  shear  modulus  is  required.  In  higher  temperature  appli¬ 
cations,  HRH  fiberglass/polyimide  or  graphite/polyimide  core  will  be  used. 

COMPOSITE  APPLICATION  TRADE  STUDY 

To  assure  that  the  all-composite  airplane  has  exploited  the  most  cost- 
effective  structural  arrangement,  trade  studies  on  areas  of  the  aircraft  have 
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been  conducted.  The  methodology  used  for  the  trade  studies  is  shown  in 
Figure  118.  Starting  with  the  -4B  configuration,  three  structural  areas  were 

identified  for  detail  study.  For  each  of  these  areas,  candidate  types  of 
construction  were  selected,  resulting  in  the  following  design  concepts. 

Wing  Outer  Panel 

Full -depth  honeycomb 
*!ulti-spar,  plate  skins 

Wing  Center  .Section 

Honeycomb  panel 
Multi -spar,  plate  skins 
Plate  stiffener 

Fuselage  Section 

Honeycomb  panel 
Skin  stiffener 

After  the  concepts  were  identified,  detail  designs  of  each  one  were  prepared. 
Simultaneously,  the  optimization  module  of  the  SWEEP  was  used  to  optimize  the 
spar  spacing,  skin  thickness,  and  other  variables  for  minimum  weight.  The 
SWEEP  data  were  then  used  for  the  designs.  Analysis  of  the  designs  for 
strength,  flutter,  and  producibility  was  then  conducted  and  resulting  changes 
iterated  through  the  design  loop.  The  manufacturing  cost  and  the  weight  of 
the  final  designs  was  determined  and  the  results  (in  terms  of  dollars  per 
pound)  were  inputted  into  the  Production  Cost  Model  (PCM)  computer  program. 
The  program  calculates  the  flyaway  cost  of  the  airframe  structure  for  each 
of  the  different  designs.  Using  these  costs,  in  conjunction  with  an  assess¬ 
ment  of  relative  reliability,  ^technical  risk,  maintainability,  repairability, 
and  compatibility  with  the  rest  of  the  structure,  the  optimum  design  for  each 
area  was  selected. 


WINfi  OUTER  PANEL 

The  main  structural  box  from  Xpll4  to  Xpl71,  between  the  front  and  rear 
spars,  was  investigated  for  this  study.  The  spars,  the  root  joint,  and  tip 
splice  were  not  considered  part  of  the  trade.  Figure  119  shows  the  full-depth 
honeycomb  concept.  Graphite/epoxy  skins  with  0°,  ±45°  and  90°  plies  are 
cocured  to  graphite/epoxy  honeycomb  core.  The  skins  vary  from  .27  inch  thick 
at  the  root  to  .11  inch  at  the  tip.  The  core  density  varies  from  6.5  pounds 
per  cubic  foot  (pcf)  to  4  pcf.  The  wing  has  been  sized  to  meet  both  strength 
and  flutter  requirements. 
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The  inboard  skin  panel  and  honeycomb  core  (Xpll4  to  Xpl33)  are  sized  by 
crushing  loads  resulting  from  the  small  radius  of  curvature.  Outboard  of 
Xpl33  where  the  radius  of  curvature  is  greatly  increased,  thus  reducing  crush¬ 
ing  loads,  flutter  requirements  determine  the  ±45°  skin  plies,  while  bending 
loads  establish  the  0°  ply  requirements.  The  structural  analysis  of  this 
design  is  shown  on  Figure  120. 

The  aircraft  weight,  using  the  full -depth  honeycomb  outer  wing  panel,  is 
shown  in  Table  18.  These  data  are  part  of  the  input  to  the  PCM  which  was  used 
to  determine  the  cost  of  the  aircraft  using  this  type  of  construction.  Table  19 
shows  the  cost  breakdown  based  on  a  300-ship  contract.  The  cost  is  flyaway  cost 
in  1975  dollars  and  does  not  include  engineering,  research,  test,  spares,  or 
maintenance. 


An  alternate  design  for  the  wing  outer  panel,  employing  a  multi-spar  con¬ 
cept,  is  shown  on  Figure  121.  The  number  of  spars  was  determined  using  a  weight 
study  on  SWEEP  in  which  a  one-spar,  wing  was  compared  to  a  two-spar  arrangement. 
As  shown  in  Table  20,  the  two-spar  concept  is  over  100  pounds  lighter  so  it  was 
used  for  the  design.  As  shown  in  Figure  121,  the  cover  thickness  varies  from 
.60  inch  at  the  root  to  .25  at  Xpl71.  The  0°  and  90°  ply  requirements  in  the 
inboard  bay  are  determined  by  crushing  loads  as  shown  in  the  analysis  in 
Figure  122.  Outboard  of  Xpl33,  ±45°  plies  are  established  by  GJ  for  flutter, 
while  0°  and  90°  ply  thickness  are  designed  by  bending.  The  intermediate  spars 
are  sine  wave  beams  fabricated  from  graphite /epoxy  and  secondary-bonded  to  the 
skins. 


Table  2.1  shows  the  weight  breakdown  using  the  multi-spar  construction. 
The  cost  of  the  aircraft  is  shown  in  Table  22. 


A  summary  of  the  cost  and  weight  of  the  outer  wing  concepts  is  shown  in 
the  next  paragraph. 


A'lPR  Weight 

Concept  (lb) _  Cost  Per  Aircraft 

Full-Depth  Honeycomb  13,211  $2,769,000 

Multi -Spar/Plate  13,265  $2,801,000 

An  assessment  of  the  relative  risk  and  comparison  of  the  "illities"  does  not 
reveal  any  basic  differences  between  the  two  concepts.  Since  both  weight  and 
cost  of  the  full-depth  honeycomb  outer  wing  panel  is  lower  than  the  alternate, 
the  honeycomb  wing  has  been  selected. 

WING  CENTER  SECTION 

The  wing  center  section  extends  from  its  junction  with  the  outer  panel  at 
XpH4  to  the  centerline  of  the  aircraft  and  from  Yp515  to  Yp606.  Wing  loads 
are  transferred  in  the  wing  box  across  the  top  of  the  fuselage.  The  fuselage 
structure  in  this  area  is  independent  of  the  wing  except  for  vertical  shear  and 
drag  attachments.  Three  concepts  for  the  structure  in  this  area  were  investi¬ 
gated:  honeycomb  panels,  plate  skins  with  multi-spar,  and  plate  skins  with 

stringers. 
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Full -depth  honeycomb  -  wing  outer  panel 


All  ^o^omt  <.  A'RCrt/s^T 


b*  <-*t/  . 

-le 


*y> 


pOi_L  OePTrt  b/c 


*3>e.ar  A.- A. 


V\  »  ?.V*l>.OtH.0  .  .  37 
3 

h:  4.4,^ 


jO i  H.Q  i  O 


£:^0  UoiT'^L  LOft-VAVofUi 


e.L  .114- 


ooriV  o 


><L>e/»  5o°/»  l  ')  4 

cAC.feS.,VJfcT  MATL  -  ^QA«*VXiTe  UTS  jC  <3  /  t  4-S  /  <i  ;,^\  ’«♦ 

h*  4-^  '4  *-  .  1-7  lo 


400*  mo  ,V,  L  -U  GBAP-t  !"=.  Hi2P  PrOr££Hfcv. 


3  •  '? 1\  >,lCi  **  to-  'VJ:Qjv-r)  ij/b  voaCiO^ 


£  -  -  1.1  91  s- 1  o_^ 

V1  -  o') 


Kj^  I  S’.  O 
moo  t,?.  €  -*L 


UtMf  ?r>  °f 


&'*.(tCb  p  s  i 


s  t’t'-'-'i 


_V.  list  v  IQ 
4.40*  33-0 


iiUA±_  ,b/.« 


Figure  120.  Full -depth  honeycomb  -  wing  outer  panel  analysis. 
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Figure  120.  Full-depth  honeycomb  -  wing  outer  panel  analysis  (cont). 
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Figure  121.  Multispar  trade  study 
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Figure  121.  Multispar  trade  study  -  wing  outer  panel. 
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Figure  122.  Multispar  trade  study  -  wing  outer  panel  (cont) . 
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Figure  122.  Multispar  trade  study  -  wing  outer  panel  (cont). 
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Figure  122.  Multispar  trade  study  -  wing  outer  panel  (cont) . 
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Figure  122.  Multispar  trade  study  -  wing  outer  panel  (cont) 
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Figure  122.  Multispar  trade  study  -  w\ng  outer  panel  (coni 
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Figure  122.  Nfciltispar  trade  study  -  wing  outer  panel  (cont) . 
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Figure  122.  Multispar  trade  study  -  wing  outer  panel  (concl). 
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The  geometry  for  the  honeycomb  panel  concept  was  established  using  SWEEP 
analysis  of  different  spar  spacing  and  panel  thicknesses.  As  shown  in  Table  23 
the  18 -inch  spar  spacing  produces  the  minimum  weight,  so  this  spacing  was 
selected  for  the  design.  Also  shown  in  the  table  is  the  linear  variation  of 
weight  with  honeycomb  panel  thickness,  with  .5  inch  being  the  lowest  weight. 
However,  since  SWEEP  does  not  include  the  effects  of  fuel  pressure,  .75  inch 
was  selected  for  the  honeycomb  to  provide  for  this  loading.  Figure  123  shows 
the  concept.  Honeycomb  panels  are  used  for  wing  covers,  spars,  and  ribs. 
Potted-in  inserts  allow  the  upper  cover  to  be  removed  for  resealing,  repair, 
or  maintenance.  Four  pcf  graphite/epoxy  core  is  used  throughout  except  in 
local  areas  where  spars  or  ribs  are  bonded  to  covers.  In  these  areas,  six  pcf 
core  is  specified  to  transfer  fuel  pressure  loads  into  the  panels.  Cover 
panel  thicknesses  are  sized  to  meet  flutter,  fuel  pressure,  wing  bending  and 
fuselage  bending  loads.  Figure  124  shows  stress  analysis  of  this  concept. 

The  weight  distribution  of  the  aircraft  with  this  structural  concept  is 
shown  in  Table  18.  Costs  appear  in  Table  19. 

The  multi-spar/plate  concept  was  developed  using  the  optimum  spar  spacing 
calculated  on  SWEEP,  as  shown  on  Table  23.  The  10-inch  spar  spacing,  which  is 
minimum  weight,  was  used  on  the  design  shown  on  Figure  125.  Honeycomb  panels 
with  graphite  epoxy  facesheets  and  core,  .5- inch  thick,  are  used  for  both  spars 
and  ribs.  The  covers  are  graphite/ epoxy  plate  sized  by  fuel  pressure,  flutter, 
and  bending  loads.  Figure  126  shows  the  analysis  of  this  concept  for  fuel  pres 
sure.  SWEEP  sizing  was  used  for  other  loading  conditions  as  shown  in  Table  24. 

Weights  of  the  aircraft  components  with  this  structural  concept  employed 
on  the  wing  center  section  are  shown  in  Table  25  and  costs  in  Table  26. 

Figure  127  shows  a  third  concept  for  the  wing  carry-through  section. 

Skins,  with  stiffeners  running  inboard  and  outboard,  are  employed  in  this 
design.  Preliminary  sizing  using  SWEEP  (shown  on  Tables  27  and  28)  was  con¬ 
ducted  to  compare  T-stiffeners  with  hat  sections.  A  13-pound  weight  savings 
was  responsible  for  hat  sections  being  used  for  Mie  design.  As  shown  in 
Figure  127,  .090  graphite/epoxy  hats  spaced  5-1/2  inches  on  center  are  bonded 
to  graphite/epoxy  skins.  Ribs  spaced  at  16  inches  are  graphite/epoxy  channels 
with  angle  stiffeners.  Spars  at  Yp551.5  and  Yp515  are  .5- inch  graphite/ epoxy 
honeycomb  panels  while  the  rear  spar  is  a  built-up  graphite/ epoxy  beam.  The 
spars,  ribs,  and  lower  skin  are  bonded  together  and  the  upper  skin  and  its 
stiffeners  are  attached  to  the  box  with  mechanical  fasteners.  Fuel  pressure 
check  appears  on  Figure  128. 

Table  29  shows  the  weight  breakdown  of  the  ADCA  with  this  concept. 

Costs  are  shown  on  Table  30. 
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Figure  124.  Wing  center  section  honeycomb  panel  analysis  (cont) 
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Figure  124.  Wing  center  section  honeycomb  panel  analysis  (cont) . 
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Figure  124.  Wing  center  section  honeycomb  panel  analysis  (cont) 
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Figure  124.  Wing  center  section  honeycomb  panel  analysis  (cont) . 
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Figure  124.  Wing  center  section  honeycomb  panel  analysis  (cont) . 
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Figure  124.  Wing  center  section  honeycomb  panel  analysis  (cont). 
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Figure  124.  Wing  center  section  honeycomb  panel  analysis  (cont) . 
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Figure  124.  Wing  center  section  honeycomb  panel  analysis  (cont) 
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Figure  124.  Wing  center  section  honeycomb  panel  analysis  (cont). 


228 


b/c”8/.i,sr  "-7 
.  on 

p»<*.  ' 

‘  -0' 

Y  -  (o.OQ.Vo)  {.  °1.0U  V  t-O1 
"2.  t>.o  ^  jq3 


iooS 


J 

la 


FoyZ. 


b/«.’  ,a/s<..<f  *  •+‘i 

V  »  .n<f 
j*,  ^  .oco-i*  tou 


<y  =  8.^  (^C-O^ScB-J.) 


KC1L’  f  -4  <■  (  1 1  ±il 

*2.  b7* 


s  3>ei  CtT1^  (  ^»OC*  NL\Ot,V)(  '°^ 


It*) 


-  »Z^2."6  3  tb/jO 


mo. %.  ■=.  '?)^33  _  j  t  4-  8.  °io 

IZ 


(2tDOOc  4^  «-“0  .02.5 


Lou  /±+st  /  sol. 


Figure  124.  Wing  center  section  honeycomb  panel  analysis  (cont). 
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A  summary  of  the  cost  and  weight  of  the  three  concepts  investigated  for 
the  Wing  Center  Section  Trade  Studv  is  shown  below. 


Concept 


AMPR  Weight 
(lb) 


Cost  in 
Dollars/Ship 


Honeycomb  Panel  13211 
Multi-Spar/Plate  13411 
Plate/Stringer  13071 


2,767,000 

2,836,000 

2,806,000 


The  honeycomb  panel  concept  has  been  assessed  as  being  the  most  compatible 
with  the  full-depth  honeycomb  wing  outer  panel,  and  as  presenting  lower 
technical  and  manufacturing  risk  than  the  skin-stringer  concept.  Since 
this  concept  also  exhibits  the  lowest  cost,  it  has  been  selected  for  the 
baseline. 


FUSELAGE  SECTION 

A  section  of  the  fuselage  at  Yp400  has  been  selected  as  being  represen¬ 
tative  of  both  the  cockpit  section  (which  is  designed  by  cockpit  pressurization 
loads)  and  of  the  intermediate  fuselage  and  wing  section  forward  of  the  wing 
carry- through  section  (which  is  designed  by  fuel  pressure).  Figure  129  shows 
the  honeycomb  panel  concept  for  this  application.  All  mold  line  surfaces  are 
3/4-inch  honeycomb  panels  with  graphite/epoxy  skins  and  graphite/ epoxy  core. 
Frames  and  bulkheads  are  1/2 -inch  thick.  Composite  pultrusions  are  used  to 
form  attachments  of  intersecting  panels. 

The  structural  integrity  of  the  design  has  been  confirmed  as  shown  in 
Figure  150. 

The  weight  breakdown  of  the  aircraft  with  the  honeycomb  panel  structure 
is  shown  in  Table  18  (basepoint). 

The  itemized  cost  of  this  structural  arrangement  is  shown  in  Table  19. 

An  alternate  concept  for  fuselage  structure  is  shown  in  Figure  131.  In 
this  design,  woven  graphite/epoxy  skins  are  stiffened  by  longitudinal  hat 
section  stringers.  The  stringers  are  stabilized  by  honeycomb  core  and  are 
tapered  to  flat  sections  where  they  are  crossed  by  frames.  Reinforced 
graphite/epoxy  frames  are  bonded  to  the  skins  except  for  the  upper  fuel  tank 
skin  which  is  attached  with  mechanical  fasteners.  Longitudinal  beams  in  the 
tank  area  are  fabricated  from  graphite/ epoxy  honeycomb  panels. 
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Figure  130.  Fuselage  trade  study  -  skin  stringer  analysis. 
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Figure  130.  Fuselage  trade  study  -  skin  stringer  analysis  (cont) , 
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Figure  130.  Fuselage  trade  study  -  skin  stringer  analysis  (cont) . 
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Figure  132  shows  the  structural  analysis  of  this  concept.  The  weight 
breakdown  of  the  aircraft  with  this  structure  is  shown  on  Table  31.  Costs 
are  shown  in  Table  32, 


Comparing  the  costs  of  the  two  concepts  of  fuselage  construction  shows 
the  honeycomb  panel  concept  to  be  $15,000  per  aircraft  lower  than  the  stringer 
design  as  shown  in  the  following  paragraphs. 


Type  of  Construction 


AMPR  Weight 
(lb) 


Flyaway  Cost 

($3 


Honeycomb  Panel 
Skin -Stringer 


13,211  2,769,000 

13,104  2,784,000 


Since  the  honeycomb  panel  design  is  lower  in  weight,  presents  a  lower 
technical  risk,  and  is  more  compatible  with  the  similar  type  of  construction 
selected  for  the  wing  carry-through  structure,  it  has  also  been  selected 
for  the  fuselage. 


ALL-COMPOSITE  BASELINE  STRUCTURE 


STRUCTURAL  DESCRIPTION 


The  general  structural  arrangement  for  the  -4B  all -composite  aircraft 
is  shown  in  Figure  133.  The  structure  is  semimonocoque  with  skins,  frames, 
and  longerons.  As  a  result  of  the  trade  studies,  the  majority  of  the 
fuselage  and  wing  center  section  employ  honeycomb  panel  covers.  Eighty 
percent  of  the  fuselage  bending  and  axial  loads  are  reacted  by  these 
panels  while  the  longerons  take  the  remaining  20  percent.  .  Because  of  the 
stability  of  the  sandwich  panels,  frame  spacing  up  to  25  inches  has  been 
used.  This  large  spacing  results  in  a  minimum  number  of  frames,  which  tends 
to  produce  a  low-cost  structure.  High-strength  graphite/epoxy  is  the  primary 
material  selected,  based  on  its  superior  producibility  features  and  projected 
low  cost  in  the  1980  time  period.  The  selection  is  predicted  on  the  assump¬ 
tion  that  an  improved  version  of  epoxy  will  be  available  by  1980,  with 
capabilities  up  to  300°  F.  In  the  aft  fuselage,  where  temperatures  may 
approach  500°  F,  a  graphite/poly imide  system  has  been  selected  to  meet  the 
high -temperature  environment. 

As  shown  in  Figure  133,  the  nose  radome  is  constructed  from  filament- 
wound  quartz -poly imide.  Tests  on  comparative  materials,  have  shown  this 
composite  to  offer  the  optimum  radar  transmission  characteristics.  The 
cockpit  structure,  immediately  aft  of  the  radome,  is  fabricated  from 
graphite/epoxy  honeycomb  panels  with  frames  spaced  at  25  inches.  The 
windshield  and  canopy  are  fabricated  as  a  singie  unit  from  polycarbonate. 

This  construction  not  only  provides  unrestricted  forward  and  side  vision, 
but  offers  reduced  cost  and  maximum  birdproofing  as  well. 
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Figure  132.  Fuselage  trade  study  -  skin  stringer  analysis  (cont). 
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Figure  132.  Fuselage  trade  study  -  skin  stringer  analysis  (cont) 
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Figure  132.  Fuselage  trade  study  -  skin  stringer  analysis  (cont) . 
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Figure  132.  Fuselage  trade  study  -  skin  stringer  analysis  (cont} . 
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Fuselage  trade  study  -  skin  stringer  analysis  (cont) 
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Figure  132.  Fuselage  trade  study  -  skin  stringer  analysis  (cont) . 
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Figure  132.  Fuselage  trade  study  -  skin  stringer  analysis  (cont) . 
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Figure  132.  Fuselage  trade  study  -  skin  stringer  analysis  (cont). 
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Figure  132.  Fuselage  trade  study  -  skin  stringer  analysis  (cont) 
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Figure  132.  Fuselage  trade  study  -  skin  stringer  analysis  (cont) 
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Figure  132.  Fuselage  trade  study  -  skin  stringer  analysis  (cont) . 
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Figure  132.  Fuselage  trade  study  -  skin  stringer  analysis  (cont). 

271 


^  =■  \'EMjC  -i-t*  \^^)c 

=  333  cvqoo  -f  *L*5^-263  -t-Z^S94c>6 

=  577  3  <?-  >jo*  /b 

T^stp^c-c  F*.©r*  *Sr.>A  Ovrrsn.  Sj^l^acc  is 

r  -  HLfeM 

EC®0 

_  2,m/)Q{ 

S’. 73 4-  W 

*  .W  lr» 

^  *St\  ;r'T  ^ 1  ^ 

CE/)„  =  (gOx  -  Eg  ce^oT 

SXetO 

-  |.q«S*o‘  -  CH2l}V  yrt>‘ 

ST?3«- 

s  lb  -  /f4'* 

C^.oij-  3"ecTit.H^w  i^nsA  1 5 

ter  *  .C2-3-L  !r*v  Tv  ‘0 

EQvV'mu5r*T  f^oouugs  IS 

f*  -  ^  CStO 

-  S.73  4x?o 

.<£231. 

-XiO 


Figure  132.  Fuselage  trade  study  -  skin  stringer  analysis  (cont) 


272 


gabffttin  awn 


<^f-  ^61T2Xi^  Of  S«u\oi*  tc 

£,--  (fa 

£x 

=  /,  Q6S  -Xjof 

9.  2ey  t^icf 

=  .U?-)5  ih4 

"Denn*' 

ft*K.  ■*•  M  Tfc 

£x 

*  JLil-JLi? 

-  .fess 

yic^j  ~  ^ilv>s 

w 

~  G.3  /ioc 

°i.Tjyi%to 

^  ,  <^S 

n«»i.  =  s** 

$, 

*  U°!  1  x/o 
^.2^)  xro* 

*  .2/4- 

He  >e  g^xc 

-  )e.  oyioc 

^."iol  y/o‘ 

«  I.°1S<! 

Figure  132.  Fuselage  trade  study  -  skin  stringer  analysis  (cont) 
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Figure  132.  Fuselage  trade  study  -  skin  stringer  analysis  (cont). 
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Figure  132.  Fuselage  trade  study  -  skin  stringer  analysis  (cont) . 
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Figure  132.  Fuselage  trade  study  -  skin  stringer  analysis  (cont) . 
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Figure  132.  Fuselage  trade  study  -  skin  stringer  analysis  (cont) . 
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The  forward  fuselage  construction  is  continued  throughout  the  equipment 
compat  tment ,  the  forward  wing  stub,  the  wing  carry-through  section,  and  the 
missile  bay.  Honeycomb  panels  are  also  used  for  the  engine  inlet  duct  with 
graphite/ epoxy  skins  except  at  the  leading  edges.  Here,  Kevlar  skins  are 
specified  because  of  its  high  impact  and  abrasion  resistance. 

The  aft  fuselage  section  also  employs  honeycomb  panels  but  with 
graphitc/polyimidc  skins  and  HRH  ( f ibcrglass/polyimide)  core.  The 
temperature  of  the  structure  in  this  compartment ,  with  cooling  air  flow, 
is  not  expected  to  exceed  450°  F  which  is  well  within  the  capabilities  of 
polyimide.  The  jet  flap  structure  will  employ  inconel  to  meet  the  high 
engine  exhaust  temperatures. 

The  outboard  wing  panel  will  be  constructed  of  graphite/epoxy  skins 
with  full-depth  graphite/epoxy  honeycomb  core.  This  selection  is  based 
on  the  trade  study  described  previously,  which  showed  this  type  of  construc¬ 
tion  to  be  lower  in  both  cost  and  weight  than  a  multi-spar  wing.  Full-depth 
honeycomb  is  also  used  for  the  flaps  and  elevons  with  graphite/epoxy  and 
for  the  wing  tip  with  fiberglass  core.  The  leading  edge  devices  employ 
graphite/epoxy  skins  with  a  nose  cap  of  full-depth  honeycomb  with  Kevlar 
skins,  which  are  used  on  all  leading  edges  because  of  their  impact 
resistance  capabilities. 

Advanced  composites  are  also  used  on  the  landing  gear.  As  snown  in 
Figure  133,  the  nose  gear  drag  structure  will  be  •'fabricated  from  graphite/ 
epoxy  laminate,  with  filaments  wrapped  around  the  hinge  points  to  provide 
a  maximum  efficiency  joint.  Trade  studies  on  this  concept  for  other 
landing  gear  drag  struts  have  shown  weight  reductions  up  to  58  percent 
and  cost  reductions  of  60  percent  over  metal  components. 

FLUTTER  ANALYSIS 

Structural  optimization  flutter  analyses  of  the  ADCA  D572  wing  were 
conducted  to  obtain  minimum  weight  structure  to  meet  the  required  flutter 
speed,  which  was  considered  to  be  15  percent  above  1.2M  at  sea  level.  The 
program  used  to  achieve  the  required  composite  structure  (COP)  is  a 
modified  version  of  the  optimization  program  for  metallic  structures  . 
(STROP) .  COP  allows  for  independent  variation  in  the  torsional  and 
bending  strain  energy  densities  in  the  flutter  mode,  whereas  STROP 
maintains  the  same  local  energy  density.  The  initial  data  for  the  flutter 
optimization  studies  were  strength- designed  structures  derived  from  the 
SWEEP  program.  STROP  and  COP  both  permit  rapid  turnaround  time  to  impact 
on  the  design.  * 

The  -4A  configuration  was  the  first  to  be  analyzed.  Aerodynamic  data 
at  .  9M,  as  defined  by  2u  COSX  for  the  lift  curve  slope  and  the  aerodynamic 
center  at  the  quarter  chord,  was  used  initially.  Figures  134  and  135 
show  the  strength  and  flutter  stiffness  requirements  for  bending  and  torsion. 
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COMPOSITE  WING 


Ted  bending  stiffness,  D572-4A 


The  large  torsional  stiffness  increase  required  near  the  root  caused  an 
increase  in  the  t/c  ratio  such  that  t/c  became  a  constant  spanwise  value 
of  0.05.  Another  run  was  made  using  the  new  strength  requirement  and  a 
more  realistic  description  of  the  lift  curve  slopes  and  aerodynamic  centers. 
The  required  stiffnesses  for  bending  and  torsion  under  these  circumstances 
are  shown  in  Figures  136  and  137,  indicating  significant  reduction  in 
requirements  from  the  previous  configuration.  The  mathematical  model  of 
these  analyses  assumed  the  wing  to  a  planar,  as  imposed  by  the  COP  program. 

An  analysis  was  performed  to  determine  the  effect  on  flutter  speed  of 
the  outer  wing  panel  dihedral  using  a  basic  flutter  analysis  program. 

The  required  stiffness  and  associated  mass  distributions  as  determined  by 
COP  were  used  as  input  data  to  the  mathematical  model.  The  resulting  flutter 
speed,  frequency,  and  mode  were  almost  identical  to  the  planar  results. 

This  comparison  gave  credence  to  the  validity  of  assuming  a  planar  wing 
for  the  flutter  of  this  configuration. 

The  -4B  configuration  was  next  optimized  for  flutter  using  COP.  The 
flutter  and  strength  requited  stiffnesses  are  shown  on  Figures  138  and  139  , 
indicating  small  increases  in  bending  stiffness  on  the  outboard  wing  and 
large  increases  in  torsional  stiffness  over  most  of  the  wing. 

AEROELASTIC  TAILORING 

One  of  the  unique  features  of  advanced  composite  structure  is  the 
capability  of  being  tailored  to  match  strength  and  stiffness  requirements 
in  several  different  directions .  This  anisotropic  property  is  particularly 
useful  in  meeting  three  structural  dynamics  requirements: 

1.  Flutter,  where  torsional  stiffness  and  bending  stiffness 
requirements  require  different  moduli. 

2.  Controlled  twist,  in  which  the  twist  introduced  by  the 
bending  deflection  of  a  swept  wing  with  isotropic  skins 
may  not  be  ideal  for  optimum  performance. 

3.  Controlled  camber,  in  which  bending  deflection  may  be 
used  to  modify  the  wing  camber. 

The  designs  for  the  wing  trade  studies  have  been  tailored  to  some 
extent.  Composite  plies  were  added  (in  addition  to  those  required  for 
strength)  only  in  the  direction  required  for  stiffness  to  meet  flutter 
requirements.  A  preliminary  run  on  the  TSO  composite  wing  optimization 
program  indicates  that  the  wing  skins  can  be  further  optimized  by  changing 
the  ply  orientation.  This  program  has  been  recently  modified  to  accommodate 
nonplanar  wings  and  will  be  used  in  Task  II  to  improve  the  wing  design. 
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Figure  139.  Required  bending  stiffness,  D572-4B. 


Aerodynamic  requirements  for  controlled  twist  for  two  critical 
points  in  the  ADG\  envelope  have  been  determined.  These  arc  expressed  in 
terms  of  both  twist  and  camber,  figure  140  shows  the  twist  requirements 
for  the  two  conditions,  M  .2  and  M  1.5.  Additional  requirements  for  two 
critical  stability  and  control  points  will  also  be  determined  and  the  final 
wing  behavior  will  be  tailored  to  match  the  more  critical  condition. 

The  aercelastic  tailoring  process  used  at  Rockwell  is  a  combination 
of  a  number  of  programs,  including  TSO.  The  process  uses  TSO  (which 
operates  on  the  wing  only)  for  a  preliminary  sizing  and  ply  orientation, 
then  conducts  a  mere  refined ,  finite .«l«i.tont  analysis  using  flutter, 
aerodynamic,  loads,  weights,  and  structural  programs.  The  complete  tailoring 
process  was  planned  to  be  conducted  during  Task  II. 

ADVANCED  METALLIC  BASELINE  STRUCTURE 

STRUCTURE  DESCRIPTION 

The  all-metal  baseline  aircraft  structure  is  an  advanced  version  of 
a  semi-monocoque  skin-frame-longeron  airframe.  Improved  alloys  and  newly 
emerging  fabrication  techniques  have  been  combined  to  produce  a  1980 
technology  design. 

The  primary  aluminum  alloy  to  be  used  is  2048-851.  This  alloy  is  used 
in  applications  where  2024  would  be  used  in  todays  airframe.  It  exhibits  the 
same  degree  of  toughness  but  higher  tensile  properties.  The  cost  increase 
is  minimal.  The  alloy  7475-T76  has  been  selected  to  replace  7075,  since  it  has 
higher  toughness  and  virtually  the  same  strength  properties .  For  many  of  the 
frames  and  spars  in  this  airframe,  welded  sine  wave  structures  are  proposed 
using  7005  aluminum  alloy.  This  alloy  will  enable  Rockwell's  low-cost 
"Red-eye"  welding  process  to  be  used  for  fabrication  without  greatly 
sacrificing  high  strength  properties. 

The  titanium  alloy  selected  for  ADCA  is  6A1-4V  alloy.  The  primary 
applications  of  titanium  use  the  superplastic  forming  process,  with 
concurrent  diffusion  bonding. 

The  structural  arrangement  is  shown  in  Figure  141.  The  radome  is  the 
same  as  the  all-composite  aircraft  radome,  employing  quartz -polyimide 
filament  wound.  The  cockpit  structure,  equipment  bay,  weapons  bay, 
including  the  forward  wing  stub  use  skin -frame -longeron  construction.  All 
skins  are  2048-851  aluminum  alloy.  Frames  spaced  at  10  inches  are  welded 
sine  wave  construction.  Bulkheads  are  7475-T6  aluminum  built-up  sections 
with  weld-bonded  caps  and  stiffeners. 

The  wing  outer  panel  and  center  section  are  multi -spar  designs  with 
superplastically  formed  titanium  sine  wave  intermediate  spars  and  aluminum 
front  and  rear  spars  machined  from  7475  alloy,  which  is  also  used  for  the 


WING  SPAN,  PERCENT 


Figure  140.  Aeroelastic  wing  twist  requirements 


skins.  The  leading  and  trailing  edge  devices  and  the  weapons  bay  doors  are 
constructed  from  graphite/epoxy  with  full -depth  honeycomb,  to  take  advantage 
of  the  high  stiffness-to-weight  ratio  of  the  material. 

The  engine  compartment  will  be  6-4  titanium  alloy,  fhe  fixed,  primary 
structure  will  be  fabricated  from  an  external  skin  with  an  inner  skin 
concurrently  formed  and  diffusion  bonded  to  it,  to  form  integral  frames  and 
longerons.  The  engine  doors  will  be  superplastically  formed  and  bonded 
truss  core  sandwich.  This  advanced  metallic  structural  concept  has  been 
evaluated  for  similar  applications,  showing  cost  savings  up  to  50  oercent 
and  weight  savings  up  to  30  percent  compared  to  current  fabrication  methods. 

FLUTTER  ANALYSIS 

The  comparable  metal  wing  versions  to  the  composite  wings  were 
analyzed  for  their  flutter  requirements  using  the  metal  flutter  optimization 
program,  STROP.  The  -5  configuration,  the  metal  version  comparable  to  the 
-4A  composite  configuration,  was  optimized  for  flutter,  and  the  resulting 
stiffness  requirements  arc  shown  on  Figures  142  and  143.  The  -5A  configura¬ 
tion,  comparable  to  the  -4B  composite  configuration,  was  also  optimized' 
for  flutr.er  and  the  resulting  stiffness  requirements  are  shown  on  Figure  144. 
Nominal  stiffness  increases  were  required  for  both  bending  and  torsion  in 
the  outboard  wing. 

STRUCTURAL  SIZING 

The  metal  vehicle  (D572-5A)  structural  sizing  and  weight  were  derived 
with  SWEEP.  The  wing  torque  box  sizing  was  based  on  multi-spar  plate  sldn 
construction.  Table  35  gives  the  outboard  wing  panel  applied  loading, 
stresses,  and  cover  sizes,  while  Table  34  gives  similar  data  for  the  inboard 
wing  panel.  The  fuselage  skin  gages  are  presented  in.  Table  35.  The  last 
column  of  this  figure  is  minimum  gage  required  for  panel  flutter.  If  any 
of  the  upper,  side,  or  lower  skin  panel  gages  equal  the  last  column,  it 
has  been  sized  by  panel  flutter.  The  longeron  sizes  are  presented  in 
Table  36. 

SWEEP  was  also  used  to  optimize  the  outer  wing  panel  construction.  A 
comparison  between  full-depth  honeycomb,  multi-spar  construction  and  integrally 
stiffened  plate  construction  was  made.  As  shown  in  Figure  145,  the  multi-spar 
design  is  the  lowest  weight.  The  integral  stiffener  de;  ign  weight  is  tne  mini¬ 
mum  obtained  when  .SWEEP  searched  stringer  spacings  from  4  to  6  inches.  The 
actual  spar  spacing  selected  was  five  intermediate  spars  in  the  two  inboard 
bays  where  the  wing  is  strength-critical  and  two  intermediate  spars  in  the  out¬ 
board  bays  where  flutter  is  critical. 

Spar  spacing  for  the  wing  center  section  was  also  optimized  in  SWEEP.  As 
shown  in  Figure  146,  the  wing  weight  decreases  with  spar  spacing.  However, 
because  of  geometric  constraints,  the  spacing  was  limited  to  a  minimum  10  inches 
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Figure  141.  Structural  arrangement  -  all-metal  baseline. 
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Figure  143.  Required  bending  stiffness,  D472-5. 


Required  bending  and  torsion  stiffness,  D472-5. 
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ADVANCED  METALLIC  BASELINE 


Section  V 


MANUFACTURING  STUDIES 


INTRODUCTION 

Manufacturing  studies  in  this  reporting  period  were  primarily  concerned 
with  the  advanced  composites  structures  components  identified  as  baseline 
(refer  to  Section  IV).  These  concepts  were  evolved  by  a  close  design/manufact¬ 
uring  interface  and  reflect  aggressive  materials  and  process  approaches.  Wide¬ 
spread  use  of  graphite  fiber  reinforced  honeycorrb  core  is  planned;  polyimide 
and  pultruded  materials  are  used.  Processing  features  entertained  include 
co-cure  fabrication  of  larger  and  more  complex  integrated  substructure/cover 
modules  than  hitherto  attempted,  use  of  trapped  elastromer  as  pressure  appli¬ 
cation  medium,  wet  processing  of  holes,  automated  trimming,  and  tape  laying 
of  multi-ply  blanks  by  machine  for  subsequent  pattern  cutout.  The  risk 
associated  with  the  proposed  measures  is  considered  low  for  the  assumed  pro¬ 
duction  time  period  of  the  ADCA  (1980  to  1985)  since  in  each  case  feasibility 
proof  of  the  basic  technology  is  already  on  hand. 


MANUFACTURING  CONCEPTS 

FORWARD,  FO RIVARD  INTERMEDIATE,  AND  AFT  INTERMEDIATE  FUSELAGE  STRUCTURES 

The  baseline  configuration  of  these  structures  is  typically  depicted 
in  Figure  133.  The  lower  skins  are  honeycorrb  sandwich  structures,  employing 
graphite /epoxy  (Gr/Ep)  facings.  These  facings,  as  well  as  the  bulkheads  and 
upper  skins,  are  developed  from  automatic  tape- laid  or  vendor  purchased  multi¬ 
ply  broadgoods.  In  the  manufacturing  concept  presently  considered  optimum 
and  costed  as  baseline,  the  upper  and  lower  sandwich  skins,  sandwich  bulkheads, 
and  pultrusion  longerons  are  fabricated  independently.  Substructure  members 
are  bonded  to  the  lower  skins  and  bonded  and/or  mechanically  fastened  to  each 
other  by  appropriate  tie  members.  Upper  skins  are  mechanically  fastened. 
Patterns  for  facing  details  -  this  applies  to  all  components  -  will  be  cut  by 
electronically  controlled  laser,  water  jet,  or  oscillating  knife  machinery, 
the  choice  depending  on  the  state  of  development  of  these  automated  methods 
at  the  time  an  actual  manufacturing  decision  is  made. 

An  alternate  approach  still  under  consideration  for  these  structures  is 
employment  of  large  module  integrated  co-cure.  In  the  case  of  the  forward 
fuselage,  Figure  147,  the  bulkheads,  longeron,  and  lower  skin  details  would 
be  laid  up  and  co- cured  in  a  bonding  jig  with  the  aid  of  an  inflatable  rubber 
bag  and  silicone  rubber  tool  members  similar  to  the  ones  developed  for 
Rockwel 1/LADD's  Vertical  Stabilizer  Program.  (See  Figure  148.)  If  detail 
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design  considerations  should  indicate  that  tighter  dimensional  control  of  the 
substructure  member  depth  is  required  than  possible  with  the  approach  dis¬ 
cussed,  ceramic  tool  inserts  will  be  provided  to  control  this  parameter  as 
well  as  contour. 

WING  CARRY-THROUGH  CENTER  SECTION 

The  clean  baseline  design  of  this  wet  cell  structure,  figure  123,  main¬ 
tains  uniform  thickness  in  the  major  structural  cover  and  spar  web  members, 
thus  suggesting  the  manufacturing  approach  depicted  in  Figure  149.  The 
honeycomb  core  covers  and  spar  webs  are  fabricated  by  conventional  co-cure 
procedures,  with  facings  developed  from  multi-ply  blanks.  Several  spar  webs 
may  be  cured  in  a  simultaneous  operation  with  a  common  caul.  Closeout  fill 
is  provided  by  placement  of  core  filling  compound  or  foaming  tape  into  proper 
core  locations  in  layup.  After  trimming  to  size,  spar  webs  and  prefabricated 
attach  angles  and  clips  are  bonded  to  each  other  and  the  lower  cover.  The 
upper  cover  and  lower  cover/substructure  subassembly  are  fitted  up  and  hole 
locations  matching  the  spar  attach  insert  patterns  of  the  upper  cover  estab¬ 
lished.  The  upper  edge  core  fill  of  the  substructure  members  is  provided 
with  inserts  matching  these  patterns.  After  application  of  sealing  compound 
to  interior  surfaces,  the  upper  cover  is  attached  to  the  lower  cover  sub¬ 
structure  subassembly  by  mechanical  fasteners.  Conventional  groove  sealing 
is  employed  for  peripheral  sealing. 

The  manufacturing  concept  envisioned  for  the  hat  stringer  stiffened 
cover/multi-rib  design  considered  in  the  trade  studies,  Figure  127,  employs 
an  ambitious  approach  in  which  all  of  tne  major  curing  and  bonding  operations 
are  carried  out  simultaneously.  As  shown  in  the  sketch  of  Figure  148  and  the 
manufacturing  sequence  for  this  concept  (Figure  150  thru  153),  all  of  the 
lower  cover  skin,  hat  section  stiffeners,  and  ribs  are  laid  up  on  collapsible 
or  retractable  tooling  members.  After  assembly  of  these  members  and  place¬ 
ment  of  a  release  film  at  the  upper  cover  faying  surfaces,  the  upper  cover 
details  are  added  to  the  layup.  Teflon  plug  inserts  which  can  later  b'e  with¬ 
drawn  are  provided  at  prepunched  (wet  processed)  hole  locations.  Gaul  sheets 
are  added,  defining  the  outer  mold  line  of  the  upper  cover.  The  total  assem¬ 
bly  is  secured  and  cured  in  fixturing  designed  to  limit  pressure  exerted  by 
the  expanding  rubber  tooling  to  a  controlled  maximum.  Air  bags  or  sets  of 
springs  or  hydra u  1  ic  cylinders  may  be  used  for  this  purpose. 

Final  assembly  operations  for  this  wing  carry-through  concept  are 
similar  to  that  discussed  for  the  baseline  one;  i.e.,  fitup,  insert  installa¬ 
tion  into  substructure  webs,  application  of  sealing  compound  to  interior 
surfaces,  attachment  of  upper  cover  by  mechanical  fasteners,  and  peripheral 
groove  sealing. 
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HAT  STRINGER  STIFFENED  COVER/MULT  I -Rl B  DESIGN 
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Figure  152.  Rib/cover  manufacturing  detail  wing  carry- through  structure. 
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OUTBOARD  WING  STRUCTURES 


The  major  portion  of  these  structures  is  conceived  as  full-depth 
honeycomb  core  sandwich  with  composite  facings,  Figures  119  and  154.  Since 
it  is  questionable  that  single-cycle  co-cure  will  permit  adequate  mold  line 
definition  of  both  upper  and  lower  air  passage  surfaces,  a  modified  co-cure 
approach  is  proposed  for  components  requiring  accurate  control  of  both  mold 
contours.  As  shown  schematically  in  Figure  154,  upper  and  lower  surfaces  are 
individually  co-cured  in  female  tools  to  thickness -wise  oversize  honeycomb 
core  blankets.  The  honeycomb  core  members  are  machined  to  matching  flat 
planes  and  the  sections  mated  with  an  interposed  adhesive  system.  Space  for 
flanges  of  closeout  structure  had  been  provided  by  withdrawable  Teflon  dummy 
inserts.  Caps  of  the  separately  fabricated  closeout  members  are  faced  with 
sanding  plies  permitting  adjustment  to  match  mating  details. 

ENGINE  NACELLE  STRUCTURES 

Due  to  temperature  requirements,  Gr/PI  is  the  principal  baseline  material 
of  construction  for  this  component.  It  is  anticipated  that  process  technology 
for  both  condensation  and  addition  type  Pi's  will  have  progressed  sufficiently 
by  1980  to  permit  reliable  and  reproducible  fabrication  of  Gr/PI  components 
by  techniques  essentially  identical  to  those  for  Gr/Ep.  The  envisioned  fab¬ 
rication  concept  for  engine  nacelle  structures,  Figure  155,  contemplates 
integral  fabrication  of  the  longerons  with  the  bulkhead  members  and  mechani¬ 
cal  fastener  attachment  of  the  doors. 

WEAPONS  BAY  STRUCTURE 

Fabrication  of  this  structure  (Figure  156)  follows  the  same  principle 
as  the  propulsion  module.  Side  and  center  longerons  and  bulkheads  are 
integrally  fabricated  and  assembled.  Gr/Ep  is  the  planned  material  candi¬ 
date. 

FINAL  ASSEMBLY 

Final  assembly  of  the  ADCA  aircraft  is  presently  visualized  as  schemati¬ 
cally  depicted  in  Figure  157. 

COST  ANALYSIS  SUPPORTING  DATA 

Manufacturing  cost  projections  for  ADCA  composite  and  metal  baseline 
structures  considered  in  the  trade  studies  of  Section  IV  are  presented  in 
Table  37. 
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WING  OUTER  PANEL  BOX 
HONEYCOMB  FULL  DEPTH 


Figure  154.  ADCA  outer  wing  structure. 


propulsion  module. 


Since  sufficient  detail  was  not  available  to  permit  estimation  of  labor 
costs  on  an  operational  basis,  a  "cost  per  finished  pound  of  structure" 
approach  was  taken.  Salient  assumptions  made  are  discussed  below: 

1.  The  hours  per  pound  shown  for  composite  and  metal  configurations 
reflect  the  estimated  fabrication  costs  through  major  subassembly  only 
(forward  fuselage,  wing  center  section,  aft  fuselage,  etc).  Estimates 
are  not  included  for  final  assembly,  mating,  bracketry,  subsystems, 
installations,  and  checkout. 

2.  Manufacturing  supporting  functions,  i.e.,  Planning,  Quality  Control, 
Manufacturing  Engineering,  Order  Release,  and  Scheduling, are  not 
included. 

3.  The  manufacturing  and  tooling  hours  per  pound  of  metal  baseline  struc¬ 
ture  were  derived  from  Rockwell  historical  data  compiled  on  similar 
programs.  The  F-100  and  A3J  programs  were  used  for  the  comparisons. 

The  individual  aircraft  sections  (wing,  forward  fuselage,  control  sur¬ 
faces,  etc)  were  compared  to  the  ADCA  design,  and  weight  adjustments 
were  made  for  the  respective  sections.  The  hours  per  pound  were  then 
estimated  for  the  1980-1985  time  span.  The  forecasted  technology 
advancements  were  estimated  and  applied  to  arrive  at  the  aircraft 
average  hour  per  pound  use  for  the  cost  trade  in  manufacturing  and 
tooling  projections. 

4.  Current  data  on  composite  tooling  hours  per  pound  experience  in  IRfjD 
programs  were  used  to  establish  baseline  hours  per  pound.  The  projected 
hours  per  pound  were  derived  using  the  baseline  hours,  new  tooling  con¬ 
cepts,  materials,  and  quantity.  The  1980-1985  composite  tooling  hours 
per  pound  shown  in  the  cost  trade  study  happened  to  turn  out  the  same 

as  for  the  metal  configuration. 

5.  The  labor  hours  per  pound  of  composite  construction  were  estimated 
using  Rockwell  available  experience,  as  well  as  that  of  other  aerospace 
companies,  including  those  in  present  active  cooperative  programs  with 
Rockwell.  Cost  projections  schemes  generated  in  internal  and  Govern¬ 
ment-sponsored  programs  were  also  perused.  The  projections  shown  are 
the  best  engineering  judgement  based  on  analysis  of  the  above  data. 

The  cost  of  advanced  technology  processes  not  currently  in  production 
status  is  based  on  present  costs,  modified  by  projections  of  Rockwell 
and  other  aerospace  companies  and  suppliers  to  the  1980-1985  time 
period. 

6.  The  materials  for  the  metal  configuration  were  computed  by  dollars 
per  pound,  using  current  prices  plus  unknowns  escalated  to  the 
1980-1985  time  span. 
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Section  VI 


PRELIMINARY  PAYOFF  ASSESSMENT 


INTRODUCTION 


This  section  contains  a  discussion  of  the  weight  and  performance 
comparison  between  the  Task  I  all-composite  baseline  configuration,  D572-4C, 
and  the  advanced  metallic  baseline  configuration,  D572-5B.  Also  included  is 
a  summary  of  the  cost  analysis  showing  cost  comparisons  between  the  two  base¬ 
line  configurations.  In  addition,  a  discussion  is  included  defining  the 
method  to  be  used  during  Task  IV  of  the  study  for  payoff  assessment  of  the 
all -composite  configuration  in  comparison  to  the  advanced  metallic 
configuration. 


WEIGHT  AND  PERFORMANCE  COMPARISON 

The  potential  payoff  of  the  Advanced  Design  Composite  Aircraft  design 
approach  can  be  readily  seen  by  comparing  performance  and  weights  with  its 
metallic  counterpart.  (See  Table  38.) 

The  two  vehicles  selected  for  the  weight  and  performance  comparison  table 
are  the  parametric  -4C  composite  and  -5B  metallic  aircraft  which  were  pre¬ 
sented  in  the  summary  of  the  configuration  development  section  of  this  report. 
The  most  significant  payoff  of  the  composite  aii  :raft  is  the  24.7  percent 
lighter  structural  weight.  Nearly  all  of  the  performance  benefits  are  derived 
from  this  weight  savings.  The  only  performance  decrement,  the  Battlefield 
Mission  Radius,  can  be  attributed  to  the  smaller  fuel  load  carried  aboard  the 
composite  aircraft,  which  can  be  compensated  for  by  the  excess  volume  con¬ 
tained  in  the  composite  wing  center  section.  However,  both  vehicles  exceed 
the  desired  radius  as  configured. 


COST  ANALYSIS 
INTRODUCTION 

Production  or  unit  average  flyaway  cost  estimates  were  generated  for 
the  ADCA  "all-metal"  baseline  (design  D572-5A),  the  ADCA  composite  baseline 
(design  D572-4B) ,  and  the  various  cost/construction-type  trade  studies.  These 
production  costs  were  estimated  using  data  from  Manufacturing  and  a  slightly 
modified  version  of  the  Production  Cost  Model  (PCM) . 
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TABLL  38.  WEIGHT  AND  PERFORMANCE  COMPARISON 


Parameter 

Composite 

-4C 

Metallic 

-5B 

Composite 

Payoff 

Takeoff  Gross  Weight 

34069 

37213 

9.2% 

Wing  Area 

400 

500 

- 

Wing  Loading  (PSF) 

85.2 

74.4 

- 

Engines 

Two 

F404-GE-404 

Turbo fans 

Installed  Thrust  to  Weight 

0.7012 

0.6419 

8,4% 

Structural  Weight 

9175 

11441 

24.7% 

Empty  Weight 

20700 

22996 

11.1% 

Fuel  Weight 

6962 

7865 

12.9% 

Design  Mission  Radius 

400 

400 

0  NMI 

Battlefield  Mission  Radius 

252 

268 

-16  NMI 

Ferry  Mission  Range 

2667 

1937 

730  NMI 

Takeoff-Maxpwr,  Flaps  30° 

2404 

2532 

128  Ft 

Landing -Thrust  Reverse 

Flaps  30° 

2454 

2454 

-2  Ft 

Ps  -  0.9^30,000  Ft/5  g 

-13 

-25 

12  Ft/Sec 

Ps  -  1 . 2M/ 30 , 000  Ft/5  g 

268 

168 

100  Ft/Sec 

For  this  portion  of  the  ADCA  contract,  only  airframe  costs  are  considered 
since  the  avionics  package  is  undefined  and  propulsion  cost  estimates  have  not 
been  received  yet. 


The  methodology  used  in  costing  the  two  baseline  aircraft  and  the  trades 
will  be  discussed  later  in  this  section,  but  just  as  an  aid  to  understanding 
the  cost  methodology,  a  discussion  of  the  structure  and  operation  of  the  PCM 
follows. 


PRODUCTION  COST  MODEL 

The  Production  Cost  Model  (PCM)  was  developed  in  1972  in  support  of  the 
advanced  Tactical  Fighter  (ATF)  study  program.  This  is  a  statistical/ 
parametric  computerized  cost  model  based  on  Rockwell  historical  data  which  is 
intended  to  be  used  to  estimate  production  costs  for  advanced  aircraft  sys¬ 
tems  where  only  a  limited  amount  of  data  is  available  (e.g.,  preliminary  design 
stage).  The  PCM  is  specifically  directed  toward  airframe  costs;  avionics  and 
propulsion  costs  are  model  thru-puts.  The  production  cost  estimate  is  broken 
down  into  a  Work  Breakdown  Structure  (WBS)  consisting  of  manufacturing,  tooling, 
engineering,  planning,  quality  and  reliability  assurance,  and  material  cost 
elements;  and  cost  estimating  relationships  are  employed  which  are  sensitive 
to  numerous  design  parameters  including  weights,  materials  mix,  construction 
type,  performance  criteria,  and  production  quantity  and  rates.  The  model  is 
intended  to  realistically  assess  the  cost  inpact  of  changes  in  the  preceding 
design  parameters. 

The  heart  of  this  model  are  matrices  containing  the  "manufacturing  hours 
per  pound  structure  weight"  values.  These  matrices  contain  hours  per  pound 
data  for  fuselage,  wing,  nacelle,  and  empennage.  The  individual  structural 
element  matrices  are  further  broken  down  by  construction  type  (e.g.  skin 
stringer)  and  material  type.  The  data  contained  in  these  matrices  is  derived 
from  Rockwell  Manufacturing  and  Pricing  history.  In  the  operation  of  the 
model ,  the  hours  per  pound  values  in  this  matrix  are  adjusted  for  the  AMPR 
weight  and  the  production  quantity  of  the  subject  aircraft.  Hours  per  pound 
decreases  along  an  87-percent  slope  (Wright)  learning  curve  as  AMPR  weight 
increases  over  15,000  pounds  (the  chosen  reference  AMPR  weight)  and  increases 
along  the  same  curve  as  AMPR  weight  drops  below  15,000  pounds.  As  would  be 
expected,  hours  per  pound  decreases  along  learning  curves  appropriate  to  the 
chosen  construction  type  as  production  quantity  increases.  The  manufacturing 
hours  total  for  each  structural  element  is  the  sum  of  the  products  of  weights 
and  hours  per  pound  for  each  material/construction  type  within  each  structural 
element  appropriately  adjusted  for  AMPR  weight  and  production  quantity. 

Assembly  costs  are  broken  out  into  basic  structure  assembly,  final  inte¬ 
gration  and  assembly,  and  material  costs  for  each.  Basic  structure  assembly 
hours  is  a  function  of  structure  weight;  final  integration  and  assembly  is  a 
function  of  subsystem  total  weight,  and  increases  with  the  weight  of  the  sub¬ 
systems  to  be  installed.  Final  integration  and  assembly  is  also  adjusted  for 
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the  year  of  production;  this  is  to  reflect  the  increasing  complexity  of 
subsystems  and  subsystem  installation  as  the  years  go  by.  Ilie  material  costs 
for  basic  and  final  assembly  arc  derived  from  the  amount  of  structural  and 
system  hardware  (e.g.  fasteners,  joints,  etc)  necessary  for  these  assembly 
processes. 

.Subsystem  costs  consist  of  manufacturing  hours  and  material  costs  for 
Rockwell- produced  subsystems  and  material  costs  for  purchased  subsystems. 
Manufacturing  hours  for  Rockwell-produced  subsystems  are  a  product  of  sub¬ 
system  weight,  percentage  of  the  particular  subsystem  produced  at  Rockwell, 
subsystem  manufacturing  hours  per  pound,  and  an  appropriate  learning  curve 
factor.  Purchased  subsystem  material  costs  are  a  product  of  subsystem  weight, 
percentage  of  the  sul system  purchased  from  subcontractors,  average  cost  per 
pound  of  purchased  subsystems,  and  an  appropriate  learning  curve  factor.  Sub¬ 
system  costs  and  factors  again  are  based  on  historical  data. 

Tooling  hours  for  manufacturing  and  tooling  material  costs  are  derived 
from  historical  data.  Tooling  hours  is  a  function  of  initial  production  rate, 
final  production  rate,  total  production  quantity,  aircraft  AMPR  weight,  and 
RDT^E/ product ion  program  tooling  concurrency  or  non -concurrency.  Total  air¬ 
frame  tooling  hours  are  then  apportioned  over  the  various  structural  elements 
according  to  ratios  derived  historically.  Tooling  material  costs  are  a  func¬ 
tion  of  tooling  hours  and  the  year  of  production.  The  model  contains  a  tooling 
material  factor,  again  based  on  historical  data,  which  predicts  an  increase  in 
tooling  material  cost  due  to  increased  tooling  sophisticati m  as  the  years 
go  by. 

Engineering  hours  through  the  first  unit  are  derived  using  regression 
relationships  from  the  Rockwell  RDT^E  cost  model.  To  find  engineering  costs 
for  the  entire  production  run,  first-unit  costs  are  extrapolated  down  a 
55-percent- slope  (Wright)  learning  curve  for  the  chosen  production  quantity. 

Planning  and  quality  control  and  reliability  assurance  are  derived  as 
percentages  of  the  functions  they  support.  Quality  control  and  reliability 
assurance  is  a  percentage  of  manufacturing  and  tooling  total  hours;  planning 
is  a  function  of  manufacturing,  tooling,  and  engineering  total  hours. 

Manufacturing  raw  material  costs  are  determined  as  follows:  the  total 
weight  of  each  major  structural  element  is  broken  down  into  a  set  of  material 
process  (e.g.  plate,  forging,  etc)  weights.  The  set  of  material  process 
weights  is  then  costed  as  a  function  of  process  type,  process  type  fly-to-buy 
ratio,  process  type  mortality  factor  as  a  function  of  production  quantity,  and 
process  type  dollars  per  pound.  These  calculated  dollars  are  then  summed  to 
final  total  raw  material  dollars  for  each  structural  element. 


The  elements  of  the  work  breakdown  structure  are  summed  to  find  aircraft 
costs,  and  then  General  and  Administrative  (G§A)  and  fee  are  added  on  to  cal¬ 
culate  total  program  cost.  Unit  average  flyaway  cost  is  then  calculated  by 
dividing  total  program  cost  by  production  quantity. 

PCM  MODIFICATIONS  AND  ASSUMPTIONS 

The  PCM  has  built-in  manufacturing  hours  per  pound  values  and  construc¬ 
tion-type  learning  curves.  For  the  ADCA  study,  however,  Manufacturing  generated 
hours  per  pound  data  and  chose  the  learning  curves  which  would  be  used  in  the 
costing  process.  The  model  was  modified  for  this  process.  Also,  the  nacelle 
^ooling  hours  and  tooling  material  costs  are  now  included  in  the  fuselage 
tooling  and  tooling  material  costs.  This  was  deemed  appropriate  since  the 
nacelle  is  part  of  the  fuselage  in  these  designs.  The  historical  tooling  hours 
and  tooling  material  cost  data  in  the  model  are  used  for  both  baselines  and  all 
trades.  While  this  does  not  seem  to  reflect  composite  tooling  costs  adequately, 
this  method  treats  each  baseline  and  trade  equally  and  is  in  agreement,  in 
spirit,  if  not  in  absolute  dollar  value,  with  Manufacturing's  treatment  of 
tooling  hours  and  material  costs. 


METHODOLOGY 

The  following  methodology  was  used  in  estimating  costs  for  the  ADCA  base¬ 
lines  and  trades: 

1.  Manufacturing  developed  hours  per  pound  data  and  chose  learning 
curves  for  each  baseline  and  trade. 

2.  The  data  from  Manufacturing  was  converted  for  use  by  the  PCM,  and 
combined  with  inputs  from  the  Weights  and  Structure  groups  to  form 
model  inputs. 

3.  The  model  was  run  to  estimate  production  costs. 

The  development  of  the  hours  per  pound  and  learning  curve  data  by  Manufacturing 
is  covered  in  preceding  sections  of  this  report. 

The  data  from  Manufacturing  was  converted  in  the  following  way.  Manu¬ 
facturing  T^  was  adjusted  to  the  model  hours  per  pound  reference  point  of 
500  production  units  and  15,000  pounds  AMPR  weight.  For  the  two  baseline 
cases,  the  model  was  then  run.  For  the  trades,  however,  the  hours  per  pound 
data  was  used  to  adjust  the  baseline  hours  per  pound  values,  thereby  reflecting 
the  weight  and  construction  type  changes  due  to  the  trades  in  the  manufacturing 
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hours  and,  resultantly,  the  production  cost.  This  was  a  "weighted  average" 
adjustment  to  the  baseline  hours  per  pound  data  in  which  the  weights  and  hours 
per  pound  changes  due  to  the  construction-type  trades  were  combined  with  the 
baseline  weights  and  hours  per  pound  in  a  manner  which  gave  the  correct  sta¬ 
tistical  "weight"  to  the  changes  caused  by  the  trades. 

Th°  hours  per  pound  and  production  costs  for  the  two  baseline  design,  -4B 
and  5A,  and  the  "weighted  average"  hours  per  pound  of  the  trades  are  presented 
in  Table  39.  Baseline  production  costs  and  work  breakdown  structure  are  pre¬ 
sented  in  Tables  40  through  43. 


TABLE  39.  WEIGHTED  AVERAGE  HRS/ LB  AT  500  UMTS 


Fuselage 

Wing/Canard 

Composite  baseline 

1.79 

1.68 

Trade  1,  Wing  Carry-Thru 

1.79 

1.88 

Trade  2,  Wing  Carry-Thru 

1.79 

1.86 

T^ade  3,  Wing  Outer  Panel 

1.79 

1.79 

Ttade  4,  Stringer  Fuselage 

1.85 

1.73 

Metal  baseline 

2.80 

2.76 

Production  Costs 
(Millions  1975  $) 


TABLE  40.  COMPOSITE  BASELINE  CONFIGURAT  ON  COSTS 
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TABLE  42.  ADVANCED  METALLIC  BASELINE  CONFIGURATION  COSTS 
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